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Psychopathy is a personality disorder that is defined, in part, by a lack of empathy. Psychopathy-
related empathic deficits have been associated with atypical behavioral and neural responses to 
emotional facial expressions. Although the mirror neuron system (MNS) has been implicated in 
empathy, very few studies have examined the role of MNS functioning as it pertains to empathy 
impairments in psychopathy. Moreover, there is very little empirical research regarding emotion 
regulation in psychopathy, and specifically whether emotional responses can be intentionally 
upregulated. The present study sought to clarify whether the MNS is functionally intact in adults 
with subclinical psychopathic traits, particularly Coldheartedness, and whether the MNS can be 
manipulated through top-down mechanisms. Five hundred six undergraduates completed the 
Psychopathic Personality Inventory-Revised to measure psychopathic traits and the Interpersonal 
Reactivity Index to measure empathic traits. Of these, 60 eligible participants then completed an 
EEG/ERP study. Participants first passively viewed images of emotional faces (Task 1), and then 
tried to increase their emotional response to the same pictures (Task 2) while their EEG was 
recorded. Bottom-up functioning was indexed by mu rhythm (8-12 Hz) desynchronization, a 
measure of MNS function. In addition, the amplitude of the P100, N170, and Late Positive 
Potential (LPP) event-related potentials were used to measure attentional processes, with later 
components reflecting more top-down processing. The change in each of these measurements 
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from Task 1 to Task 2 was used to index upregulation. Contrary to our predictions, we found that 
Coldheartedness was not related to mu rhythm suppression or upregulation, suggesting that 
mirror neuron system functioning was intact. Moreover, Coldheartedness predicted larger N170 
and LPP (400-600 ms) amplitudes in Task 1, indicating increased early attention to the emotional 
faces. Empathy, on the other hand, was related to reduced automatic attentional processing, 
evidenced by less mu suppression (i.e., less MNS activity), and smaller early ERP components, 
but greater sustained attention (as evidenced by higher amplitude LPPs), and an enhanced ability 
to upregulate ERP markers of early attention (i.e., N170). Together, these results provide a new 
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Chapter 1: Introduction 
Empathy is a complex phenomenon that is thought to occur when one person experiences 
a congruent emotion in response to another person’s emotional display, takes another person’s 
mental or emotional perspective, and/or feels compassion toward another person (Batson, 2009; 
Eisenberg & Fabes, 1990; Singer & Lamm, 2009). A lack of empathy is a key feature of 
psychopathic personality (Blair, 2005; Cleckley, 1988; Hare, 1991, 2003; Verschuere et al., 
2018). While there have been debates about whether specific traits, such as fearlessness, or 
antisocial behaviors should be included in the conceptualization of psychopathy, there is little 
dispute that callousness is a core feature. However, there has been mixed empirical evidence 
regarding which aspects of empathy are disrupted in psychopathy. The present research attempts 
to further clarify this issue by studying how psychopathy modulates both bottom-up and top-
down aspects of empathy by using electroencephalogram (EEG) and event-related potential 
(ERP) recording. The primary goal of the present research is to determine whether bottom-up 
processes associated with mirror neuron system (MNS) and visual association cortex function are 
abnormally activated in individuals known to have a lack of empathy. In addition, this research 
seeks to investigate whether individuals with psychopathic traits can activate these processes 
through top-down mechanisms, i.e. emotion regulation. This would be a novel contribution to the 
field’s understanding of the neural processes underlying empathy dysfunction in psychopathy.   
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Chapter 2: Empathy and Psychopathy 
The literature on empathy is vast, with many disagreements about what behaviors are 
included under the umbrella of empathy, whether or how various empathic processes interact, 
and what functions these processes serve (Batson, 2009). Minimally, empathy depends on the 
ability to perceive and recognize an emotional state in another person and the automatic and/or 
cognitively controlled generation of an emotional response to the other person (Decety & 
Jackson, 2006; Eisenberg & Fabes, 1990; Preston & de Waal, 2002). Some have coarsely divided 
empathy into affective and cognitive components. Affective empathy broadly encompasses 
emotional reactions in response to another person’s emotional experience (Shamay-Tsoory, 
2009, 2011; Zaki & Ochsner, 2012). It includes automatic, bottom-up processes, such as 
emotional contagion, where one person rapidly detects emotional cues in another and then 
experiences that same emotion (Shamay-Tsoory, 2009, 2011; Zaki & Ochsner, 2012), which can 
lead to personal distress if the perceiver does not identify the other person as the source of the 
emotion (Davis, 1980, 1983; Eisenberg & Fabes, 1990). Other types of emotional empathy such 
as sympathy, empathic concern, or compassion, are activated when an individual identifies signs 
of distress or suffering in another and experiences an affective response that is not specifically 
isomorphic with the target but still promotes prosocial behavior (Lozier, Brethel-Haurwitz, & 
Marsh, 2016; Singer & Lamm, 2009; Zaki & Ochsner, 2012). 
In contrast, cognitive empathy (also known as perspective-taking, mentalizing, or theory 
of mind) refers to being able to take the perspective of another person without necessarily feeling 
any emotion. With cognitive empathy, the perceiver identifies the emotional state of another and, 
through top-down cognitive processes, may use that knowledge to understand and predict 
behavior (Lozier et al., 2016; Shamay-Tsoory, 2009, 2011; Singer, 2006; Zaki & Ochsner, 2012). 
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There is behavioral, neurological, and neurochemical evidence to suggest that affective and 
cognitive empathy overlap in some but not all ways, supporting the notion that the two constructs 
are at least somewhat dissociable (Bzdok et al., 2012; Shamay-Tsoory, 2009, 2011; Singer & 
Lamm, 2009; Zaki & Ochsner, 2012). 
Psychopathy is a personality-based psychological construct that has roots in the definition 
proposed by Cleckley (1988), who noted that psychopaths presented with a distinct pattern of 
personality characteristics that made them capable of deceiving, charming, manipulating, and 
conning people without feeling empathy for their victims. Modern conceptualizations of 
psychopathy agree that it is characterized at least in part by deficits in affective and interpersonal 
functioning, such as shallow emotion, callousness, manipulative behavior, and lack of remorse or 
guilt (Cleckley, 1988; Hare, 1991, 2003; Lilienfeld & Andrews, 1996; Patrick, 2010), and some 
emphasize criminality as a defining feature (Hare, 1991, 2003). Importantly for the present 
study, a lack of empathy is one of the core features of psychopathy (Verschuere et al., 2018). It 
has been suggested that deficits in empathy may be at the core of antisocial behaviors seen in 
psychopathy (Blair, 2005; Cooke, Michie, & Hart, 2006; Hare, 1991, 1999; Shirtcliff et al., 
2009), although this too has been recently contested (Vachon, Lynam, & Johnson, 2013). Some 
have speculated that affective, but not cognitive, empathy is disrupted in psychopathy (Blair, 
2005; Lockwood, 2016), but the evidence to support this claim is mixed (e.g., Brook & Kosson, 
2013). 
Although many studies use a traditional approach by examining psychopathy as a 
categorical construct, others suggest that it should be conceptualized dimensionally (Edens, 
Marcus, Lilienfeld, & Poythress, 2006; Guay, Ruscio, Knight, & Hare, 2007; Skeem, Polaschek, 
Patrick, & Lilienfeld, 2011; Walters, Duncan, & Mitchell-Perez, 2007; cf. Harris, Rice, & 
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Quinsey, 1994). In support of this approach, people with high but subclinical levels of 
psychopathic traits in non-forensic settings have been shown to exhibit atypical affective 
processes in behavioral studies (e.g., Ali, Amorim, & Chamorro-Premuzic, 2009; Lishner, Hong, 
Jiang, Vitacco, & Neumann, 2015; Seara-Cardoso, Dolberg, Neumann, Roiser, & Viding, 2013; 
Seara-Cardoso, Neumann, Roiser, McCrory, & Viding, 2012; Wai & Tiliopoulos, 2012) and 
neuroimaging studies (e.g., Seara-Cardoso, Sebastian, Viding, & Roiser, 2016; Seara-Cardoso, 
Viding, Lickley, & Sebastian, 2015), as well as high levels of antisocial behavior (e.g., Almeida 
et al., 2015; Benning, Patrick, Hicks, Blonigen, & Krueger, 2003; Coid, Yang, Ullrich, Roberts, 
& Hare, 2009; Riopka, Coupland, & Olver, 2015; Vitacco, Neumann, & Pardini, 2014). 
Although lack of empathy is a core conceptual feature of psychopathy, the many 
instruments that can measure psychopathy differ in how they measure and weight empathic 
deficits. The most widely used instrument for the clinical assessment of psychopathy is the 
Psychopathy Checklist—Revised (PCL-R; Hare, 1991, 2003). Clinician ratings across 20 
domains load onto two distinct but correlated factors: an Interpersonal/Affective factor, which 
quantifies traits and behaviors such as lack of empathy, grandiosity, and manipulativeness; and a 
Lifestyle/Antisocial factor, which assesses behaviors such as impulsivity, irresponsibility, and 
criminality (Hare, 1991, 2003). More recently, it has been suggested that PCL-R scores can be 
decomposed into four facets (“Interpersonal,” “Affective,” “Lifestyle,” and “Antisocial;” Hare, 
2003; Hare & Neumann, 2005). The Psychopathy Checklist: Screening Version (PCL:SV; Hart, 
Cox, & Hare, 1995) is another relatively common instrument which is administered and scored 
in the same fashion as the PCL-R. To facilitate quick and easy assessment of psychopathic traits 
in non-offender populations, researchers have also developed self-report scales that mirror the 
two-factor or four-facet structure of psychopathy described above. For example, the 
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Interpersonal Manipulation, Callous Affect, Erratic Lifestyle, and Criminal Tendencies subscales 
of the Self-Report Psychopathy (SRP) scale (Williams, Paulhus, & Hare, 2007) correspond to the 
Interpersonal, Affective, Lifestyle, and Antisocial PCL-R facets, respectively (Neal & Sellbom, 
2012; Williams et al., 2007). Similarly, the Levenson Self-Report Psychopathy (LSRP) scale is 
comprised of “primary psychopathy” and “secondary psychopathy” subscales (Levenson, Kiehl, 
& Fitzpatrick, 1995). Primary psychopathy is thought to reflect largely innate and immutable 
psychopathic traits (Karpman, 1948) similar to those indexed by the Interpersonal/Affective 
factor of the PCL-R (Levenson et al., 1995). On the other hand, secondary psychopathy captures 
traits akin to those in the Lifestyle/Antisocial factor of the PCL-R (Levenson et al., 1995) which, 
according to Karpman (1948), are maladaptive behaviors that have developed in response to 
environmental challenges in a person’s life. 
Among all the two-factor or four-facet structure measures of psychopathy described 
above, the Interpersonal/Affective factor (including primary psychopathy), and specifically the 
Affective facet, indexes empathic deficits. However, empathy is included among a constellation 
of broader affective and interpersonal skills, and it is not always given equal weight across 
measures. Moreover, items that measure empathy tend to either fail to distinguish it from other 
interpersonal deficits or view it as a unitary construct. For example, to assess “Callous/Lack of 
Empathy” on the PCL-R or PCL:SV, clinicians simply judge whether the subject shows a “lack 
of concern for others” (Hare, 2003, p. 39). The LSRP and SRP seem to afford similar or slightly 
more weight to empathy than the PCL-R and PCL:SV, but they too suffer from 
operationalization issues. Items that load onto the SRP Callous Affect subscale include 
statements such as “My friends would probably say I am a kind person” (reverse-scored) and “I 
am often rude to other people” (Williams et al., 2007, p. 209). While these types of items may 
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describe the actions of a person who suffers from a lack of empathy, they do little to differentiate 
it from related broader constructs such as poor interpersonal functioning. Moreover, it is unclear 
which SRP items were specifically designed to tap into empathy, though eight of the 16 items on 
the Callous Affect subscale appear to do so. Similarly, Levenson and colleagues (1995) 
identified callousness as a component of primary psychopathy as measured by the LSRP, but the 
authors do not explicitly point out which items are meant to measure this lack of empathy. In 
recent years, factor analyses of the LSRP have suggested that four of the 16 items on the primary 
subscale could arguably do so (Sellbom, 2011). 
Two other self-report measures of psychopathy have been developed, which use slightly 
different conceptualizations of psychopathy—the Psychopathic Personality Inventory (PPI; 
Lilienfeld & Andrews, 1996) along with its successor, the Psychopathic Personality Inventory – 
Revised (PPI-R; Lilienfeld & Widows, 2005), and the Triarchic Psychopathy Measure (TriPM; 
Patrick, 2010). Seven of the eight subscales in the PPI-R load onto two separate higher order 
factors:  Fearless Dominance, which assesses traits such as assertiveness, low anxiety, and 
influence over others; and Self-Centered Impulsivity, which quantifies behavior such as 
aggression, poor impulse control, and narcissism (Benning et al., 2003; Lilienfeld & Andrews, 
1996; Lilienfeld & Widows, 2005). However, one of the subscales—Coldheartedness, which 
captures traits of low emotionality, low empathy, and disagreeableness—does not load on either 
of the two composite factors (Berg, Hecht, Latzman, & Lilienfeld, 2015; Lilienfeld & Andrews, 
1996; Lilienfeld & Widows, 2005). Although this “two-factor” structure of the PPI-R appears to 
parallel the PCL-R, Fearless Dominance and Self-Centered Impulsivity are orthogonal to each 
other, unlike the PCL-R factor scores (Lilienfeld & Widows, 2005). Moreover, Fearless 
Dominance is comprised of traits that, in isolation from other psychopathic characteristics, could 
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be considered largely adaptive. As such, Fearless Dominance tends to show weak correlations 
with both the Interpersonal/Affective and Lifestyle/Antisocial factors on the PCL-R (Kelsey, 
Rogers, & Robinson, 2014; Marcus, Fulton, & Edens, 2013; Miller & Lynam, 2012), LSRP, and 
SRP (Marcus et al., 2013; Miller & Lynam, 2012). On the other hand, Self-Centered Impulsivity 
scores are moderately correlated with the Interpersonal/Affective factor (but see Kelsey et al., 
2014) and strongly correlated with the Lifestyle/Antisocial factor of the PCL-R (Kelsey et al., 
2014; Marcus et al., 2013; Miller & Lynam, 2012), LSRP, and SRP (Marcus et al., 2013; Miller 
& Lynam, 2012). Consequently, some have suggested that Self-Centered Impulsivity (Marcus et 
al., 2013; Miller & Lynam, 2012) and Coldheartedness (Marcus et al., 2013) together may 
capture psychopathic personality disorder (i.e., its maladaptive features) more successfully than 
Fearless Dominance. 
PPI-R Coldheartedness was designed to index low empathy and callousness (Lilienfeld & 
Widows, 2005); thus, it should be better than other psychopathy measures at isolating the 
contribution of empathic deficits to the overall picture of psychopathy. However, relatively few 
studies have considered it. For example, one meta-analysis looking at the construct validity of 
the PPI excluded analyses of Coldheartedness altogether (Miller & Lynam, 2012), and another 
which analyzed the factor structure of the PPI identified 45 studies that used the PPI or PPI-R, 
but only 12 of those examined Coldheartedness (Marcus et al., 2013). Marcus et al. (2013) found 
that Coldheartedness showed modest correlations with both factors of the PCL-R, strong 
correlations with the Interpersonal/Affective factor on LRSP and SRP, and negligible-to-modest 
correlations with the Lifestyle/Antisocial factor on the LRSP and SRP (Marcus et al., 2013). 
The TriPM maps onto the PPI-R factor structure by proposing that psychopathic 
personality is a constellation of three traits:  Boldness, Disinhibition, and Meanness (Patrick, 
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Fowles, & Krueger, 2009). TriPM Boldness is conceptually similar to PPI-R Fearless 
Dominance, and it encompasses primarily adaptive traits and behaviors such as immunity to 
stress and fear, efficacy in social situations, and assertiveness. Not surprisingly, in both forensic 
and undergraduate samples, Boldness scores on the TriPM accounted for a significant proportion 
of the variance in Fearless Dominance scores on the PPI and PPI-R (Sellbom & Phillips, 2013; 
Stanley, Wygant, & Sellbom, 2013). Like PPI-R Fearless Dominance, TriPM Boldness does not 
show strong associations with scores on the two-factor or four-facet measures of psychopathy 
(Drislane, Patrick, & Arsal, 2014; Wall, Wygant, & Sellbom, 2015). On the other hand, TriPM 
Disinhibition refers to behavioral impulsivity, volatility, and affect dysregulation (Patrick et al., 
2009). As expected, it has strong correlations with the Lifestyle/Antisocial factor of the PCL-R 
(Wall et al., 2015), PPI Self-Centered Impulsivity (Drislane et al., 2014; Sellbom & Phillips, 
2013; Stanley et al., 2013), the Erratic Lifestyle facet of the SRP-III, and the secondary subscale 
of the LSRP (Drislane et al., 2014). Finally, TriPM Meanness captures multiple traits such as 
low empathy, callousness, aggression, and thrill-seeking, suggesting relatively poor discriminant 
validity (Drislane et al., 2014; Sellbom & Phillips, 2013; Stanley et al., 2013; Wall et al., 2015). 
Ten out of the 18 items in the TriPM that load onto the Meanness scale appear to assess 
empathy. These items include statements such as “It’s easy for me to relate to other people’s 
emotions” (reverse scored) and “It doesn’t bother me to see someone else in pain” (Patrick, 
2010). However, unlike PPI-R Coldheartedness, TriPM Meanness also assesses aggression and 
thrill-seeking, which obscures the role of empathic deficits. Meanness scores on the TriPM 
account for a significant proportion of the variance in Coldheartedness scores on the PPI and 
PPI-R (Sellbom & Phillips, 2013; Stanley et al., 2013), but they also show strong correlations 
with Self-Centered Impulsivity (Drislane et al., 2014; Sellbom & Phillips, 2013; Stanley et al., 
 9 
2013). Furthermore, Meanness scores correlate moderately-to-strongly with all facets of the 
SRP-III, both the primary and secondary scales of the LSRP (Drislane et al., 2014), and both the 
Affective/Interpersonal and Lifestyle/Antisocial factors of the PCL-R (Wall et al., 2015). 
In addition to the six instruments already described, two measures of psychopathic 
personality have been developed even more recently: the Elemental Psychopathy Assessment 
(EPA; Lynam et al., 2011) and the Comprehensive Assessment of Psychopathic Personality—
Institutional Rating Scale (CAPP-IRS; Cooke, Hart, Logan, & Michie, 2012). The EPA is a self-
report scale designed to measure the maladaptive, psychopathic variants of basic personality 
traits. It consists of 18 subscales that load onto one of four higher-order factors associated with 
four of the personality traits from the five-factor model (McCrae & John, 1992): 
conscientiousness, extraversion, agreeableness, and neuroticism. For example, it assesses 
distrustfulness, manipulativeness, self-centeredness, oppositionality, arrogance, and callousness 
as more extreme versions of low agreeableness. The Callousness subscale likely taps into 
empathy deficits, although there have been no explicit claims to that effect (Lynam et al., 2011). 
The CAPP-IRS was developed specifically for use in clinical (i.e., offender) samples, but a 
version for use in community samples is reportedly in development (Cooke et al., 2012). Similar 
to the PCL-R, the CAPP-IRS is a clinician-rated scale consisting of 33 items. The clinician 
collects data on the subject via a semi-structured interview, file review, and Staff Rating Forms 
that can be completed by staff who interact with the subject regularly. Each of the 33 items falls 
into one of six domains: attachment, behavioral, cognitive, dominance, emotional, and self. 
“Unempathic” is one of the items within the attachment domain (Cooke et al., 2012). While there 
is mounting evidence supporting the validity of these two scales (CAPP-IRS: Sandvik et al., 
2012; Sellbom, Cooke, & Hart, 2015; EPA: Miller et al., 2011; Miller, Hyatt, Rausher, Maples, 
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& Zeichner, 2014; Wilson, Miller, Zeichner, Lynam, & Widiger, 2011), there is relatively little 
empirical research utilizing them. 
Self-report measures of empathy have often been used to delineate the relationship 
between empathic deficits and psychopathic traits. Perhaps the most widely used dispositional 
empathy questionnaire is the Interpersonal Reactivity Index (IRI), which consists of 28 
statements rated on a 5-point Likert-type scale based on how well each statement describes the 
respondent (Davis, 1980, 1983). Each item loads onto one of four scales measuring a different 
aspect of empathy; the Perspective-Taking (ability to take the point of view of another) and 
Fantasy scales (ability to imagine oneself in the place of fictional characters in books or movies) 
tap into cognitive empathy, whereas the Empathic Concern (sympathetic feelings of concern for 
others) and the Personal Distress (feelings of distress or anxiety in response to the emotions of 
others) scales assess affective empathy. Several other studies have used the Emotional Empathy 
Questionnaire (EEQ; Mehrabian & Epstein, 1972) or the Empathy Quotient (EQ; Baron-Cohen 
& Wheelwright, 2004). The EEQ solely measures dispositional affective empathy, including 
traits such as susceptibility to emotional contagion and emotional reactivity (Mehrabian & 
Epstein, 1972). The EQ measures empathy as a unitary construct (Baron-Cohen & Wheelwright, 
2004), but scores can also be decomposed into cognitive empathy, affective empathy, and social 
skills subscales (Lawrence, Shaw, Baker, Baron-Cohen, & David, 2004; Muncer & Ling, 2006). 
Studies of community and undergraduate samples consistently demonstrate that 
individuals with high interpersonal/affective psychopathic traits have lower affective empathy 
(Almeida et al., 2015; Decety, Lewis, & Cowell, 2015; Grieve & Panebianco, 2013; Mahmut, 
Homewood, & Stevenson, 2008; Marcoux et al., 2013; Seara-Cardoso et al., 2013, 2012; Sörman 
et al., 2016; Uzieblo, Verschuere, Bussche, & Crombez, 2010; Wai & Tiliopoulos, 2012; Watt & 
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Brooks, 2012; White, 2014) and cognitive empathy (Almeida et al., 2015; Decety et al., 2015; 
Grieve & Panebianco, 2013; Sörman et al., 2016; Uzieblo et al., 2010; Watt & Brooks, 2012; 
White, 2014) on self-report measures. These results are consistent with the conceptualization of 
psychopathy as an empathic disorder, and confirm that empathy deficits are present in 
individuals with subclinical levels of psychopathic traits, lending support to the notion that 
psychopathy is a dimensional construct. However, many forensic studies have failed to find 
evidence of psychopathy-related deficits in self-reported empathy (Dolan & Fullam, 2004; 
Domes, Hollerbach, Vohs, Mokros, & Habermeyer, 2013; Gonsalves, McLawsen, Huss, & 
Scalora, 2013; Pfabigan et al., 2015), suggesting that some psychopathy measures/scales may 
index empathic deficits more effectively than others. Indeed, only two (Brook & Kosson, 2013; 
Robinson & Rogers, 2015) out of six studies that used the PCL-R or PCL:SV found any 
significant relationship with self-reported empathy, whereas forensic studies using self-report 
measures of psychopathy, such as the PPI-R or TriPM, mostly found support for low affective 
empathy among offenders (Sandoval, Hancock, Poythress, Edens, & Lilienfeld, 2000; Sellbom & 
Phillips, 2013; Stanley et al., 2013). However, it is worth noting that self-report measures may 
artificially correlate more highly with each other (i.e., the “common method bias;” Conway & 
Lance, 2010), which may explain these discrepant findings. 
Moreover, low empathy has been associated with clinical and sub-clinical psychopathic 
traits that are not typically expected to index empathy, such as PPI-R Self-Centered Impulsivity 
(Mullins-Nelson, Salekin, & Leistico, 2006; Sörman et al., 2016; Uzieblo et al., 2010), LSRP 
secondary psychopathy (Grieve & Panebianco, 2013; Wai & Tiliopoulos, 2012; White, 2014), 
and PCL-R Lifestyle/Antisocial scores (Brook & Kosson, 2013). Also, there is some evidence 
for increased cognitive empathy among undergraduates/community members with high PPI-R 
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Fearless Dominance scores (Mullins-Nelson et al., 2006; Sörman et al., 2016; Uzieblo et al., 
2010) or high TriPM Disinhibition scores when controlling for other traits (Almeida et al., 2015). 
These results imply that these psychopathy measures do not consistently discriminate between 
traits that are theoretically associated with diminished empathy (Interpersonal/Affective, primary 
psychopathy, Coldheartedness, and Meanness) and are necessarily better predictors of self-
reported empathy than other traits (Lifestyle/Antisocial, secondary psychopathy, Self-Centered 
Impulsivity, Fearless Dominance, Boldness, and Disinhibition). Alternatively, it is possible that 
individuals who are high in this latter set of traits have diminished empathy through different 
etiological mechanisms (Skeem, Poythress, Edens, Lilienfeld, & Cale, 2003). Finally, most 
studies that used self-report measures of empathy also used self-report measures of psychopathy, 
perhaps calling into question the validity of some of these findings. In a population that is 
vulnerable to deceitfulness and manipulative behavior, the use of self-report measures may be ill-
advised, particularly when the measure does not include built-in validity scales or when the 




Chapter 3: The Mirror Neuron System and Bottom-Up Empathic Processes 
 Some accounts of empathy point to the process of “mirroring” as a basic but crucial 
mechanism, in which the perceiver automatically and unconsciously mimics or simulates the 
emotional state of the target, thereby inducing an isomorphic emotional state in the perceiver 
(Carr, Iacoboni, Dubeau, Mazziotta, & Lenzi, 2003; de Waal & Preston, 2017; Preston & de 
Waal, 2002). It has been suggested that mirroring relies heavily on the purported “mirror neuron” 
system (Bird & Viding, 2014; Blair, 2005; Carr et al., 2003; Corradini & Antonietti, 2013; de 
Waal & Preston, 2017; Decety & Meyer, 2008; Gallese, Keysers, & Rizzolatti, 2004; but see 
Baird, Scheffer, & Wilson, 2011; Decety, 2010; Lamm & Majdandžić, 2015). Mirror neurons 
were first discovered in macaques by researchers studying motor processes when they found that 
premotor neurons were activated not only when the macaque engaged in a behavior but also 
when the macaque observed the same behavior being performed by the experimenter (di 
Pellegrino, Fadiga, Fogassi, Gallese, & Rizzolatti, 1992). Since then, functional neuroimaging 
techniques have facilitated the discovery of homologous brain regions in humans which respond 
automatically to both (motor) action execution and action observation (Rizzolatti & Craighero, 
2004). It is a complex network primarily involving the inferior frontal gyrus, premotor cortex, 
supplementary motor area, inferior parietal lobule, posterior middle temporal gyrus, and 
intraparietal cortex (Caspers, Zilles, Laird, & Eickhoff, 2010; Molenberghs, Cunnington, & 
Mattingley, 2012; Van Overwalle & Baetens, 2009). 
The MNS has also been studied with EEG techniques. For instance, while “at rest,” the 
sensorimotor cortex produces a rhythmic oscillation within the 8-12 Hz frequency band, 
commonly known as the mu rhythm. The rhythm stems from synchronous neural activity and 
indicates that the area is not processing incoming or outgoing information. When the 
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sensorimotor cortex is activated, the mu rhythm desynchronizes, also known as “mu 
suppression.” This can be measured as a decrease in power of the rhythmic activity relative to 
baseline (Pfurtscheller & Lopes da Silva, 1999). Indeed, fMRI studies have shown correlations 
between a decrease in mu synchronization and an increase in activation of the inferior frontal 
cortex, inferior parietal cortex, and superior temporal cortex, regions associated with the MNS 
(Arnstein, Cui, Keysers, Maurits, & Gazzola, 2011; Pineda, 2005). Furthermore, a recent meta-
analysis found that the mu rhythm reliably desynchronizes during action execution and 
observation, again supporting the theory that it reflects neural mirroring (Fox et al., 2016). 
Building on the idea that the MNS is responsible for shared motor representations, it has 
been suggested that observation or imitation of another’s emotional expression induces the 
emotional experience in the observer; in other words, it promotes empathy via connections 
between the limbic system and MNS (Carr et al., 2003). This is supported by a recent meta-
analysis including 21 fMRI studies showing that emotional facial expressions and behaviors 
reliably elicited activity in MNS regions such as the inferior frontal gyrus and premotor cortex, 
as well as emotion processing regions such as the amygdala, insula, and cingulate (Molenberghs 
et al., 2012). Other fMRI studies have also found correlations between MNS activation and 
dispositional measures of empathic concern in normative adult samples (Braadbaart, de Grauw, 
Perrett, Waiter, & Williams, 2014; Schulte-Rüther, Markowitsch, Fink, & Piefke, 2007). 
 Mu rhythm reactivity has also been linked to empathy in adults in behavioral paradigms. 
The mu rhythm has been shown to desynchronize while passively observing emotional faces but 
also when participants were explicitly instructed to empathize with the people depicted (A. 
Moore, Gorodnitsky, & Pineda, 2012). One study found that healthy adults had a greater degree 
of mu suppression when viewing pictures of hands or feet in painful compared to non-painful 
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situations, suggesting that the mu rhythm was more reactive to empathy-eliciting scenarios even 
when people’s facial expressions were not visible (Yang, Decety, Lee, Chen, & Cheng, 2009). 
Mu suppression has also been shown to positively correlate with the ability to judge emotional 
states based on static images of the eyes alone (Pineda & Hecht, 2009). However, not all studies 
with neurotypical populations have found consistent relationships between mu suppression and 
self-report measures of empathy. Some have found positive relationships between the two 
(Babiloni et al., 2012; Brown, Gonzalez-Liencres, Tas, & Brüne, 2016; Cheng et al., 2008; 
Hoenen, Schain, & Pause, 2013; Makhin, Makaricheva, Lutsuk, & Pavlenko, 2015; Peled-Avron, 
Levy-Gigi, Richter-Levin, Korem, & Shamay-Tsoory, 2016; Woodruff, Martin, & Bilyk, 2011; 
Yang et al., 2009), others have found no relationship (Fabi & Leuthold, 2018; Hoenen, Lübke, & 
Pause, 2015; Horan, Pineda, Wynn, Iacoboni, & Green, 2014; McCormick et al., 2012; Milston, 
Vanman, & Cunnington, 2013; A. Moore et al., 2012; Silas, Levy, Nielsen, Slade, & Holmes, 
2010; Woodruff, Daut, Brower, & Bragg, 2011), and still others have found a negative 
relationship (Fabi & Leuthold, 2017; Martin, Flasbeck, Brown, & Brüne, 2017; Perry, Troje, & 
Bentin, 2010; Woodruff & Klein, 2013). It is difficult to determine the potential source(s) of 
these variations, as there does not seem to be a pattern based on sample size, paradigm, or other 
methodological variables. 
To date, only a few studies have explored MNS function in psychopathy. Furthermore, it 
appears that MNS reactivity among psychopaths depends on multiple factors, such as stimulus 
type (emotional faces vs. isolated limbs in pain), task demands (passive viewing vs. cognitively 
demanding tasks), and psychopathic factors (Interpersonal/Affective vs. Lifestyle/Antisocial). 
Generally, MNS function appears to be intact or even enhanced among inmates (Decety, Skelly, 
& Kiehl, 2013) and community members with high psychopathic traits (Fecteau, Pascual-Leone, 
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& Théoret, 2008; Marcoux et al., 2014, 2013; Seara-Cardoso et al., 2015) when passively 
viewing hands or feet in painful scenarios, but it is diminished when passively viewing or 
evaluating emotional faces in both inmates (Contreras-Rodríguez et al., 2014; Decety et al., 
2013; Decety, Skelly, Yoder, & Kiehl, 2014; Mier et al., 2014) and community members (Carré, 
Hyde, Neumann, Viding, & Hariri, 2013; Gordon, Baird, & End, 2004; Seara-Cardoso et al., 
2016). 
Decety et al. (2013) found that when male inmates passively viewed videos of hands or 
feet in painful situations (e.g., a hand slammed in a door), both Interpersonal/Affective and 
Lifestyle/Antisocial traits were associated with increased activity in putative MNS regions such 
as the inferior frontal gyrus, posterior superior temporal sulcus, and precuneus, as well as 
emotion-related anterior insula areas. In contrast, Seara-Cardoso and colleagues used a similar 
paradigm with male community members but found that after controlling for SRP 
Lifestyle/Antisocial scores, Interpersonal/Affective scores were associated with decreased 
inferior frontal gyrus, cingulate, and anterior insula activity (Seara-Cardoso et al., 2015); on the 
other hand, after controlling for Interpersonal/Affective scores, Lifestyle/Antisocial scores were 
associated with increased activity in the same regions. These findings suggest a possible 
suppressor effect among the two psychopathic factors; specifically, it was uniquely the 
Interpersonal/Affective traits that predicted limited arousal to others’ pain (Seara-Cardoso et al., 
2015). 
Three other studies have examined MNS activity in response to physical pain using 
various neuroscientific techniques. In a transcranial magnetic stimulation (TMS) study, 
undergraduates viewed video clips of a hand being penetrated with a needle as well as control 
situations where no pain was inflicted (Fecteau et al., 2008). Observing the action of the needle 
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typically decreases the excitability of the associated hand area in the motor cortex of healthy 
subjects and makes it more difficult to generate a response from this area using TMS (Avenanti, 
Bueti, Galati, & Aglioti, 2005). Contrary to the hypothesized results, those with higher levels of 
Coldheartedness traits actually showed increased MNS activation when watching another 
person’s hand in pain (Fecteau et al., 2008). Using a similar paradigm, Marcoux et al. also found 
that psychopathy in undergraduates and in a psychiatric sample was associated with increased 
MNS activity when watching people in pain (Marcoux et al., 2014, 2013). These studies focused 
on somatosensory rather than motor aspects of the MNS. Participants viewed pictures of hands in 
painful and non-painful situations while receiving non-painful rhythmic stimulation on the palm 
of their right hand to elicit a “steady-state” EEG response, i.e., an oscillation at the same 
frequency as the stimulation. In healthy participants, seeing another person in pain decreases the 
somatosensory steady-state response, reflecting attention-based inhibition. In undergraduates, 
there was a positive correlation between the degree of somatosensory inhibition and scores on 
the primary subscale of the LSRP (Marcoux et al., 2013). This implies enhanced MNS activity 
among participants with high primary psychopathy traits, which is similar to the results found by 
Fecteau and colleagues (2008). Unexpectedly, for psychiatric patients, there was a positive 
relationship between the degree of somatosensory inhibition and PPI-SCI, rather than 
Coldheartedness. This may have been due to the presence of potentially confounding comorbid 
personality disorders (Marcoux et al., 2014). 
Taken together, it appears that reactivity of the MNS, especially the motor and 
somatosensory cortices, to seeing peoples’ limbs in painful situations is enhanced among those 
with high levels of psychopathic traits, although it remains unclear which traits are specifically 
implicated (Fecteau et al., 2008; Marcoux et al., 2014, 2013). Some studies also found increased 
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activity in emotion processing regions, i.e., anterior insula, dorsomedial prefrontal cortex, and 
anterior cingulate cortex in inmates (Decety et al., 2013) and community members (Seara-
Cardoso et al., 2015). Enhanced sensorimotor mirroring of another’s pain in psychopathy may 
serve not to increase empathic concern, but rather to provide information about another person 
that can be used to manipulate them (Blair, 2005; Fecteau et al., 2008). In other words, it is 
possible that there is a mechanism further “downstream” that leads to the empathy dysfunction 
commonly observed in psychopathy. 
In contrast, studies which have examined neural responses to passively viewed emotional 
facial expressions have tended to find diminished activity in MNS regions among those with 
psychopathic traits. Decety and colleagues reported that when inmates passively viewed dynamic 
emotional faces, psychopathic traits were negatively correlated with activity in MNS regions, 
including the inferior frontal gyrus, supplementary motor area, and areas within the inferior 
parietal lobule, with some variation in activity patterns across expression type (Decety et al., 
2014). In particular, both Interpersonal/Affective and Lifestyle/Antisocial traits were associated 
with decreased activity in the inferior frontal gyrus in response to happy, sad, fearful, and pained 
expressions. Both sets of traits were also related to diminished activity in the fusiform gyrus for 
happy faces, the supramarginal gyrus for fearful faces, the supplementary motor area for fearful 
and sad faces, the posterior superior temporal sulcus for sad and pained faces, and the angular 
gyrus and midcingulate cortex for pained faces. However, Interpersonal/Affective scores were 
additionally associated with increased activity in the insula in response to the three negative 
expressions (Decety et al., 2014). The results for pained faces replicated an earlier study from the 
same lab which used only pained faces (Decety et al., 2013). Increased insula activity raises the 
possibility that some psychopathic traits are related to a heightened emotional response, a finding 
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that is largely at odds with theoretical conceptualizations of psychopathy. Yet, the insula does 
not index valence, and it is known to be activated in response to a wide range of emotions (Craig, 
2009). Therefore, it is possible that the psychopathic groups may have experienced positive 
feelings in response to others’ distress, which would fit with the theory that psychopathy 
involves overt callousness rather than simply a lack of an emotional response (Shirtcliff et al., 
2009). 
Studies that have required participants to focus their attention on emotional images by 
matching facial expressions with a label or with other facial expressions tend to show diminished 
reactivity of the MNS in inmates (Contreras-Rodríguez et al., 2014; Mier et al., 2014) in addition 
to emotion processing regions in inmates (Contreras-Rodríguez et al., 2014) and community 
members with psychopathic traits (Carré et al., 2013; Gordon et al., 2004; Seara-Cardoso et al., 
2016). When asked to determine whether an emotional face matched a given label, inmates with 
psychopathic traits showed less activity than healthy controls in the inferior frontal gyrus and 
superior temporal sulcus (Mier et al., 2014), which are putative MNS regions. When inmates 
were asked to match static images of emotional faces, PCL-R Lifestyle/Antisocial traits were 
related to decreased activation of the inferior frontal gyrus, while Interpersonal/Affective deficits 
were related to increased activation of the same region (Contreras-Rodríguez et al., 2014). 
Furthermore, when explicit attention to emotional faces is required, psychopathic traits have 
been related to diminished amygdala reactivity in undergraduates with high PPI-R FD scores 
(Gordon et al., 2004) and inmates with high PCL-R scores (Contreras-Rodríguez et al., 2014). 
Additionally, Carré et al. (2013) showed that after controlling for shared variance between the 
four SRP facets in a large undergraduate sample, high Interpersonal facet scores were associated 
with decreased right dorsal amygdala reactivity to fearful faces only. Although they did not 
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assess MNS function, Seara-Cardoso and colleagues found that SRP Interpersonal/Affective and 
Lifestyle/Antisocial traits among community members were related to decreased activity in the 
right amygdala and anterior insula, respectively, when evaluating their own emotional responses 
to different emotional facial expressions (Seara-Cardoso et al., 2016). Therefore, perhaps not 
surprisingly, it appears that Affective/Interpersonal traits are associated with less reactivity to 
empathic cues in emotional brain regions. Lifestyle/Antisocial traits, on the other hand, have 
been correlated with increased amygdala activation in undergraduates with high PPI-SCI scores 
when matching emotional faces (Gordon et al., 2004) and high SRP Lifestyle scores when 
matching angry faces in particular (Carré et al., 2013). This is consistent with a greater 
propensity for reactive aggression (Blais, Solodukhin, & Forth, 2014; Carré et al., 2013). 
ERP Studies of Bottom-Up Empathic Processes 
Because ERPs reflect the rapid changes in brain activity in response to various stimuli, 
they provide exquisite temporal resolution and are therefore ideal for teasing apart the neural 
correlates of automatic and controlled cognitive processes (Luck, 2005). In ERP paradigms, 
multiple similar stimuli must be presented to in order to be able to extract the stimulus-specific 
ERP from the background EEG. ERPs are low-voltage and are time-locked to an event, such as 
the presentation of a stimulus, whereas the background EEG is highly variable across time. 
Therefore, when multiple time segments of EEG following a specific type of stimulus are 
averaged together, the background “noise” of the EEG begins to cancel out and the ERP 
becomes increasingly clear (Luck, 2005; Luck & Kappenman, 2013b). Depending on the 
paradigm, the ERP typically shows a variety of measurable components. Emotional faces have 
been shown to reliably elicit a positive peak about 100 ms after stimulus presentation (P100), a 
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negative peak about 170 ms after stimulus presentation (N170), and a Late Positive Potential 
(LPP; Batty & Taylor, 2003; Eimer & Holmes, 2007). 
The P100 is a positive-going potential that is reliably produced approximately 90-130 ms 
after a visual stimulus is presented, with largest amplitudes over the lateral occipital sites on the 
scalp (Luck, 2005). There is evidence that the wave originates in the inferior occipital-temporal 
and lateral extrastriate cortices, areas that are associated with visual information processing (Di 
Russo, Martinez, Sereno, Pitzalis, & Hillyard, 2001; Luck, 2005). As such, P100 amplitude is 
modulated by the physical characteristics of the stimulus, such as luminance and contrast 
(Bradley, Hamby, Löw, & Lang, 2007; Luck, 2005; Olofsson, Nordin, Sequeira, & Polich, 
2008). While the P100 is not specifically responsive to faces, there is some evidence that it is 
larger for emotional faces, particularly fearful faces, compared to neutral faces (Luo, Feng, He, 
Wang, & Luo, 2010; Smith, Weinberg, Moran, & Hajcak, 2013). It appears that the P100 is 
modulated by attention, and affectively arousing stimuli give rise to larger P100s because they 
are very effective at grabbing the viewer’s attention (Batty & Taylor, 2003; Luck, 2005). 
Faces have also been shown to reliably elicit an early negative component (N170). The 
N170 is a negative-going potential thought to be generated in the fusiform gyrus (Rossion & 
Jacques, 2013). It emerges about 160-170 ms after stimulus onset, with maximal amplitudes over 
occipito-temporal electrodes. The N170 is larger in response to face stimuli than to other, non-
face stimuli. It is also sensitive to face but not object inversion, implying a specialization for 
faces (Eimer, 2011; Rossion & Jacques, 2013). A meta-analysis of the effect of emotional faces 
on N170 amplitude showed that emotional faces elicit larger N170s than neutral faces (Hinojosa, 
Mercado, & Carretié, 2015). In particular, angry, fearful, and happy faces (but not sad or 
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disgusted faces) showed significant modulation of the N170 across studies (Hinojosa et al., 
2015). 
To our knowledge, only one study has examined how psychopathic traits modulate early 
ERP components in response to facial expressions (Almeida et al., 2014). Almeida and 
colleagues found that in a male community sample, PPI-R Fearless Dominance scores were 
associated with smaller N170 amplitudes. High anxiety has been correlated with larger N170s, 
and thus it follows that Fearless Dominance traits, which are indicative of low anxiety, are 
related to smaller N170s. In addition, Coldheartedness scores were related to larger N170s for 
fearful and happy faces, suggesting increased attention to the stimuli. The authors interpreted this 
to mean that those with higher levels of Coldheartedness traits pay more attention to the faces in 
order to extract information that can be used to manipulate others (Almeida et al., 2014). 
However, it is difficult to interpret these unexpected results without replicating the findings. 
Moreover, the authors did not report whether their stimuli were controlled for luminance and 
contrast, both of which influence early visual components including the N170. 
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Chapter 4: Emotion Regulation and Top-Down Empathic Processes 
Although bottom-up processing of emotional information is vital for experiencing 
empathy, it is also likely that emotion regulation is crucial for experiencing empathic concern for 
others (Eisenberg, 2000). Emotion regulation is a complex process used to control the intensity, 
duration, and/or quality of internal emotional states (Gross, 2015). Strategies for up- or down-
regulating emotion can be activated, switched, and stopped either automatically or consciously. 
Self-reported use of ineffective emotion modulation has been found to be negatively related to 
both affective and cognitive empathy in healthy adults, while cognitive empathy has been shown 
to be positively related to use of efficient emotion regulation strategies among healthy adults 
(Lockwood, Seara-Cardoso, & Viding, 2014). Healthy adults have also reported fewer feelings 
of compassion for an individual with a mental illness after receiving explicit instructions to use a 
maladaptive emotion regulation strategy while learning about the character (Lebowitz & 
Dovidio, 2015). 
There is reason to expect that certain psychopathic traits would be associated with 
emotion regulation deficits. For example, Lifestyle/Antisocial traits (Skeem et al., 2003) have 
been associated with behaviors that are also linked to emotion dysregulation (Gross, 2015), such 
as substance use and borderline personality traits. Therefore, it is possible that emotion 
dysregulation and Lifestyle/Antisocial psychopathic traits are related. On the other hand, 
Interpersonal/Affective dysfunction has been associated with emotional detachment (Hare, 1991, 
2003), which could be indicative of either impairments in bottom-up processing of emotional 
information or efficient top-down regulation of emotions. If the automatic mechanisms are 
impaired, then there would be no need for emotion regulation skills. Alternatively, if bottom-up 
processes are intact, then those with Interpersonal/Affective psychopathic traits may be 
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particularly efficient at down-regulating their emotions. There is relatively little empirical 
research on the relationship between emotion regulation and psychopathy in general. Most 
studies that have addressed this question have used self-report to assess self-regulation skills, and 
results have been inconsistent (Burns, Roberts, Egan, & Kane, 2015; Donahue, McClure, & 
Moon, 2014; Heinzen, Koehler, Smeets, Hoffer, & Huchzermeier, 2011; Long, Felton, 
Lilienfeld, & Lejuez, 2014; Zeigler-Hill & Vonk, 2015). Emotion dysregulation has been 
associated with lower PPI-R Fearless Dominance scores and higher Self-Centered Impulsivity 
scores in offenders and undergraduates (Donahue et al., 2014) as well as substance use patients 
(Long et al., 2014). Moreover, these relationships held even after controlling for dispositional 
negative affectivity (Donahue et al., 2014). In a path analysis, emotion dysregulation was also a 
positive predictor of secondary psychopathy scores on the LSRP, but not primary psychopathy 
scores in community members (Burns et al., 2015). In contrast, Zeigler-Hill and Vonk found that 
only SRP Callous Affect scores were related to an increased self-reported lack of awareness of 
undergraduates’ own emotions, which is likely to affect emotion regulation (Zeigler-Hill & 
Vonk, 2015). Callous/unemotional traits were also linked to increased self-reported use of 
maladaptive emotion regulation strategies among adolescent and young adult offenders (Heinzen 
et al., 2011). 
Neuroimaging Studies of Emotion Regulation 
Several recent meta-analyses have established that effective emotion regulation recruits 
cognitive control regions including the dorsomedial, dorsolateral, and ventrolateral prefrontal 
cortices and posterior parietal cortex, as well as posterior temporal cortex which is involved in 
mental imagery, to up- or down-regulate activity in emotional processing regions such as the 
amygdala (Buhle et al., 2014; Diekhof, Geier, Falkai, & Gruber, 2011; Kohn et al., 2014). 
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Although there is evidence of prefrontal dysfunction in psychopathy, results have varied 
depending on the paradigm (Anderson & Kiehl, 2012). For example, one study found increased 
prefrontal activity in psychopathic offenders completing an emotion attribution task, while non-
psychopathic offenders showed increased activity in MNS regions (Sommer et al., 2010). 
Psychopathic groups have demonstrated decreased prefrontal activity during tasks such as the 
prisoner’s dilemma (for review, see Anderson & Kiehl, 2012). However, there is very little 
neuroimaging research on emotion regulation per se in psychopathy. A small study with a 
sample of female community members (n = 10) found a positive relationship between PPI 
Coldheartedness scores and activity in the superior frontal cortex and ventrolateral prefrontal 
cortex while actively down-regulating their emotional response to photos depicting unpleasant 
social scenes (Harenski, Kim, & Hamann, 2009). These results suggest increased cognitive 
control; however, due to the small and homogeneous sample, the findings warrant replication. A 
more recent study found no relationship between PCL-R scores and neural activity when male 
participants were instructed to upregulate their response to empathy-eliciting stimuli (Arbuckle 
& Shane, 2017). Compared to passively viewing the same stimuli, all participants showed 
increased activity in the left supplemental motor area, precentral gyrus, inferior parietal cortex, 
and dorsomedial prefrontal cortex, areas which are associated with the mirror neuron system. 
They also showed increased activity in the left anterior cingulate cortex and bilateral anterior 
insula, which are both related to empathy (Arbuckle & Shane, 2017). 
EEG and ERP Studies of Emotion Regulation 
 There is evidence that the mu rhythm is susceptible to top-down influences (Hoenen et 
al., 2013; Perry, Bentin, Bartal, Lamm, & Decety, 2010; Pineda, 2005; Popovich, Dockstader, 
Cheyne, & Tannock, 2010). For instance, Perry and colleagues (2010) showed that healthy adults 
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had greater mu suppression to images of hands being pricked by a needle than hands being 
touched with a cotton swab. However, when the participants were led to believe that a person 
was experiencing pain from being touched by the cotton swab, the mu rhythm desynchronized to 
the same degree as when they saw the hand being hurt with a needle (Perry, Bentin, et al., 2010). 
Hoenen et al. (2013) similarly found that mu suppression varies depending on what the observer 
knows about the person they are watching. In their study, participants first watched videos of 
actors telling either a sad story about themselves meant to elicit empathy or a neutral story. 
When they watched the same actors drinking a glass of water, mu suppression was stronger in 
response to the actor who had told a sad story compared to the actor who told a neutral story 
(Hoenen et al., 2013). These studies together suggest that cognitive processes can influence mu 
suppression, even if they are not necessarily volitional. 
 Emotion regulation can also be measured using ERPs. Specifically, the LPP has been 
shown to be affected by top-down modulation. The LPP is a slow, positive-going wave (Luck, 
2005). It is thought to reflect increased attentional processing of stimuli because emotionally 
arousing pictures elicit more positive, or greater, LPP amplitudes (Codispoti, Ferrari, & Bradley, 
2007; Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000; Hajcak, MacNamara, & Olvet, 
2010; Schupp et al., 2000). Using a principal components analysis, Foti, Hajcak, and Dien (2009) 
showed that the LPP has three unique temporospatial elements that are often collectively studied 
as one waveform. The first component of the LPP lasts from approximately 350-600 ms after 
stimulus presentation and is maximal at parietal sites on the scalp. This component reflects early 
attentional processes. The second component of the LPP originates from occipital sites between 
600-1000 ms post-stimulus, and the final component originates at central sites on the scalp at 
around 1000 ms and later. The two later windows together reflect more elaborative cognitive 
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processing of stimuli (Foti et al., 2009). Healthy participants who used emotion regulation 
strategies to reduce their affective responses to negative images also reduced the amplitude of 
their LPP responses to the images (for review, see Hajcak et al., 2010). This again provides 
evidence that top-down mechanisms can affect bottom-up emotional processing. 
To our knowledge, there has been only one study measuring mu suppression in relation to 
psychopathic traits in adults (but see Cheng, Hung, & Decety, 2012 who found similar results in 
a study with adolescents high in callous/unemotional traits), and it also examined ERP 
components (Decety et al., 2015). The authors found evidence for increased MNS activity in 
community members with high scores on the LSRP when they were asked to rate how much pain 
was depicted in an image of hands or feet in various scenarios. However, they found decreased 
LPP amplitudes when asked to rate how sorry they felt for the person depicted (Decety et al., 
2015). Participants first viewed a photo of a neutral face, followed by a hand or foot in a painful 
or neutral situation. They were instructed to focus on their empathic concern for the person or the 
intensity of the pain depicted. After viewing the image of the limb, participants rated how much 
pain was portrayed or how sorry they felt for the person in the photo. When participants focused 
on the intensity of the pain, total LSRP scores were related to a greater degree of mu suppression 
for painful versus neutral images (Decety et al., 2015). It is possible that because of the task 
instructions, participants could use top-down rather than bottom-up mechanisms to influence 
MNS activity. However, without a comparison to “baseline” mu rhythm suppression, i.e. passive 
viewing of the same stimuli, it is difficult to interpret whether this was a true up-regulation of 
MNS activity. In contrast, when instructed to focus on their empathic concern for the person 
depicted, total LSRP scores were related to diminished LPP amplitudes for painful versus neutral 
scenarios (Decety et al., 2015). This effect did not hold when participants focused on the 
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intensity of the pain depicted. LPP activity is thought to reflect cognitive engagement, and so 
these results suggest that psychopathic traits are related to limited empathic arousal to images of 




Chapter 5: Overview of the Present Study 
The goal of the present study was to examine how specific psychopathic traits (i.e., 
Coldheartedness) in undergraduates and community members modulate both automatic and more 
controlled processes associated with empathic responding. To investigate whether bottom-up 
processes are affected by Coldheartedness, we measured mu suppression and the amplitude of 
P100, N170, and early LPP ERP components while participants passively viewed pictures of 
emotional faces. To investigate whether top-down influences affect these and other later 
measures of emotional and cognitive processing, participants then saw the pictures again but 
were explicitly instructed to empathize with the people depicted. We compared the changes in 
mu suppression and the amplitude of both early ERP components (P100, N170, and early LPP) 
and later segments of the LPP. To supplement these analyses, we ran the same comparisons with 
global psychopathy (i.e., PPI-R Total scores), affective empathy (i.e., IRI Empathic Concern 
scores), and cognitive empathy (i.e., IRI Perspective-Taking scores). We hypothesized that 
because high levels of psychopathic traits, including Coldheartedness, tend to be associated with 
diminished automatic empathy processes while viewing faces (Carré et al., 2013; Contreras-
Rodríguez et al., 2014; Decety et al., 2014; Gordon et al., 2004; Mier et al., 2014; Seara-Cardoso 
et al., 2016), these participants will have less mu suppression, smaller P100 amplitudes, and 
smaller N170 amplitudes while passively viewing photos of different emotional facial 
expressions. Because of the limited evidence for emotion regulation differences in psychopathy, 
especially using EEG methods and facial expressions, we made no specific prediction about the 
direction of the effect during the emotion regulation phase. However, any differences in emotion 
regulation will be reflected in the difference in mu suppression and P100, N170, and LPP 
amplitudes during the up-regulation phase compared to the passive viewing phase. 
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Hypotheses 
(1) PPI-R Coldheartedness will be negatively related to mu suppression and to the 
amplitude of the P100, N170, and LPP ERP components elicited while passively 
viewing emotional expressions. 
(2) Higher IRI Perspective-Taking scores will predict larger increases in mu suppression 
and ERP component amplitudes in the emotion regulation task relative to the passive 
viewing condition. Cognitive empathy has been related to efficient emotion 
regulation among healthy adults (Lockwood et al., 2014), and some studies have 
found positive relationships between IRI Perspective-Taking and mu suppression 
(e.g., Brown et al., 2016; Peled-Avron et al., 2016; Woodruff, Martin, et al., 2011; but 
see Hoenen et al., 2015; Perry, Troje, et al., 2010; Silas et al., 2010). Choi et al. 
(2014) also found that higher IRI Perspective-Taking scores were associated with 
more negative N170 amplitudes and more positive LPP amplitudes in response to 
emotional faces. 
(3) IRI Empathic Concern scores will not be related to mu suppression, but will predict 
larger increases in LPP amplitudes in the emotion regulation task relative to the 
passive viewing condition. Other studies have been unable to find a relationship 
between mu suppression and Empathic Concern (e.g., Brown et al., 2016; Hoenen et 
al., 2015; Peled-Avron et al., 2016; Woodruff, Martin, et al., 2011; Yang et al., 2009). 
However, some have shown a positive relationship between Empathic Concern and 
N170 amplitudes (Soria Bauser, Thoma, & Suchan, 2012) as well as LPP amplitudes 
to empathy-evoking stimuli (Choi et al., 2014; Groen, Wijers, Tucha, & Althaus, 
2013; Ikezawa, Corbera, & Wexler, 2014). 
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Chapter 6: Methods 
Participants 
A total of 506 undergraduate students (134 male, M = 20.2 years old, SD = 3.2 years) 
enrolled in psychology classes at John Jay College of Criminal Justice in New York City 
completed the initial part of the study, which was used to determine their eligibility for the later 
EEG study. Participants in the initial part of the study were compensated for their time with 
partial class credit or $10. All participants were invited to participate in the EEG portion of the 
study unless they met any of the following exclusion criteria (note that 127 participants were 
excluded for more than one reason): uncorrected vision problems (n = 33), history of psychiatric 
illness (n = 65), history of head injury or seizures (n = 58), STAI-Trait score greater than 45 (n = 
138), PPI-R Deviant Responding score greater than 65 (n = 100), or PPI-R Inconsistent 
Responding-40 score greater than 45 (n = 24). Based on these criteria, of the 506 participants, 
235 were invited to take part in the EEG; however, only 79 accepted the invitation. These 79 
participants did not significantly differ from the 156 other eligible participants in terms of age, 
STAI-Trait, IRI Perspective-Taking, IRI Empathic Concern, or PPI-R Coldheartedness (all ps > 
0.2). Eligible individuals who did not participate in the EEG study had lower PPI-R Total scores 
(M = 47.9, SD = 9.9) than those who did participate in the EEG study (M = 50.5, SD = 10.4), 
although this difference did not reach statistical significance, t(237) = -1.9, p = 0.065. 
A total of 79 participants participated in the subsequent three-hour EEG study. 
Participants were compensated with partial class credit or $30 for their time. The data from 19 
participants (8 males; M = 19.9 years old, SD = 3.2 years) were excluded due to an insufficient 
number of acceptable trials, often as a result of excessive movement or environmental artifacts 
such as interference from external electrical sources. The remaining 60 participants (16 male) 
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were between the ages of 18 and 27 years old (M = 19.9 years, SD = 2.0 years). Nearly all (95%) 
participants were right-handed. The sample self-identified as 51.7% Hispanic/Latinx, 18.3% 
Asian/Southeast Asian, 13.3% Non-Hispanic White, 11.7% Black/African-American, and 5.0% 
multiracial/not otherwise specified. 
Materials 
Demographics and handedness. All participants completed a brief questionnaire 
collecting standard demographic information such as age and race, as well as self-reported 
history of vision problems and neurological and psychiatric disorders. Participants also 
completed the Edinburgh Handedness Questionnaire (Oldfield, 1971), a self-report measure that 
determines the handedness of the individual. Handedness has been shown to influence the 
lateralization of function, including face perception (Dundas, Plaut, & Behrmann, 2015), as well 
as the lateralization of the mu rhythm (Kelly, Mizelle, & Wheaton, 2015). Participants were not 
excluded based on handedness, but ERPs were inspected to ensure lateralization was the same 
for all participants. 
Psychopathic Personality Inventory-Revised (Lilienfeld & Widows, 2005). 
Participants completed the PPI-R to assess psychopathic traits. The PPI-R consists of 154 
questions rated on a 4-point Likert-type scale. This measure produces eight subscales, seven of 
which load onto one of two composite factors: Self-Centered Impulsivity (comprised of the 
Machiavellian Egocentricity, Rebellious Nonconformity, Blame Externalization, and Carefree 
Nonplanfulness subscales) and Fearless Dominance (comprised of the Social Influence, 
Fearlessness, and Stress Immunity subscales). Coldheartedness is a subscale that does not load 
onto either composite factor. The PPI-R also yields a total score and three validity scales. It has 
shown adequate validity in clinical and non-clinical samples (Lilienfeld & Widows, 2005; 
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Marcus et al., 2013; Miller & Lynam, 2012). For this study, the PPI-R was scored with the 
publisher (PAR Inc., Lutz, FL) software, which provided T-scores that adjusted for age and 
gender. Participants were excluded from the EEG study if the PPI-R Deviant Responding T-
score was greater than 65 or the Inconsistent Responding-40 score was greater than 45, as these 
scales detect distorted or inconsistent response styles. 
In the initial sample of 506 participants, Cronbach’s alpha was 0.90 for the PPI-R Total 
scale, and ranged from 0.79 (Coldheartedness) to 0.86 (Social Influence) for the subscales. In the 
final sample of 60 participants, Cronbach’s alpha was 0.89 for the Total scale, and ranged from 
0.72 (Blame Externalization) to 0.87 (Social Influence) for the subscales. Cronbach’s alpha was 
0.82 for Coldheartedness in the final sample. 
State-Trait Anxiety Inventory (STAI; Spielberger, 1983). All participants completed 
the Trait portion of the STAI. This self-report questionnaire consists of 20 items rated on a 4-
point Likert-type scale. It has been shown to have good reliability and validity (Barnes, Harp, & 
Jung, 2002; Spielberger & Vagg, 1984). Participants with scores over 45 were excluded from the 
EEG study, as trait anxiety has been shown to modulate mu rhythms (Knyazev, Bocharov, Levin, 
Savostyanov, & Slobodskoj-Plusnin, 2008). Cronbach’s alpha was 0.92 for the STAI-Trait in the 
larger sample of 506 participants, and 0.83 for the final sample of 60 participants. 
Interpersonal Reactivity Index (IRI; Davis, 1980). Participants completed the IRI to 
measure dispositional empathy. It consists of 28 statements rated on a 5-point Likert-type scale. 
The items load onto one of four subscales, each measuring a different aspect of empathy. The 
Empathic Concern and Perspective-Taking subscales are the two most frequently utilized scales 
in studies with undergraduates (Konrath, O’Brien, & Hsing, 2011). The Perspective-Taking scale 
taps into a more cognitive form of empathy, including items that assess the individual’s ability to 
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take the point of view of another, and has been positively correlated with social functioning and 
self-esteem (Davis, 1983). The Empathic Concern scale assesses feelings of concern for others. 
High scores on the Empathic Concern scale tend to indicate selflessness and emotionality (Davis, 
1983). The IRI has adequate internal and test-retest reliability (Davis, 1980). It also shows good 
convergent and discriminant validity as a multi-dimensional measure of empathy (Davis, 1983). 
In the larger sample of 506 participants, Cronbach’s alpha was 0.80 for the IRI Total 
scale, 0.76 for the Empathic Concern subscale, and 0.75 for the Perspective-Taking subscale. In 
the final sample of 60 participants, Cronbach’s alpha was 0.80 for the Total scale, 0.80 for the 
Empathic Concern subscale, and 0.81 for the Perspective-Taking subscale. 
EEG Recording. EEG was recorded from 62 scalp electrode sites using an elasticized 
Neuroscan Quikcap electrode cap, Neuroscan Synamps RT amplifier, and Neuroscan 4.4 
Acquire software (Compumedics, El Paso, TX) using a midline central reference electrode. All 
electrode impedances were below 5 kΩ. The EEG was recorded continuously at a rate of 1000 
Hz, and analyses were conducted off-line with Neuroscan SCAN 4.4 Edit software. EEG was re-
referenced off-line to averaged mastoid electrodes. 
Stimuli. Eighty photographs were selected from the NimStim Set of Facial Expressions 
(Tottenham et al., 2009). This photo set includes color images of adult men and women of 
various races and ethnicities (European, African, Asian, or Latinx) showing a variety of 
emotional facial expressions. For this study, we chose 20 people’s photos (10 males; 10 
females), and for each person the happy, sad, fearful, and calm expressions were used. Stimuli 
were reformatted to control for color, luminance, contrast, and size, as these characteristics can 
influence visual attention (Itti & Koch, 2001) and early ERP components, such as the P100 and 
N170 (Luck, 2005). Images were converted to grayscale and cropped to a uniform shape and size 
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so that only facial features (i.e., no hair) were visible. They all had the same luminance (32 
cd/m2) and contrast (50% Ojuanpua contrast). 
In Task 1, all 80 face stimuli were shown twice across four blocks (40 faces per block) in 
a pseudo-random order. Five photos of clouds from the International Affective Picture Series 
(IAPS; Lang, Bradley, & Cuthbert, 2008) served as neutral target stimuli. In order to assure that 
targets were neutral, they were selected according to the published normed ratings for valence 
and arousal (Lang et al., 2008). Each target photo appeared once (pseudo-randomly interspersed) 
per block. 
During Task 2, all face stimuli except the 20 calm faces (i.e., total n = 60) were shown 
again in a different order, without targets. There were 4 blocks of 30 stimuli. All photos were 
pseudo-randomized within each block in order to avoid the potential neural effects of expecting a 
particular photo to appear (Onoda et al., 2007). 
In both tasks, photos were on the screen for 3 seconds with an average of 4 seconds 
between stimuli. Long pauses between stimuli are recommended in order to let the mu rhythm 
“reset” (Pfurtscheller & Lopes da Silva, 1999). All stimuli were presented on a computer screen 
using E-prime 2.0 software (Psychology Software Tools, Inc.). 
Procedure 
In the EEG portion of the study, participants completed both tasks while seated in a 
comfortable chair in front of a computer screen. In Task 1, to ensure that they were engaged, 
participants pressed a mouse button whenever they saw any of the target photos (clouds). No 
response was required to any other stimuli. Responses were made only to non-critical (cloud) 
stimuli so as not to contaminate the critical face ERPs with ERPs elicited by motor processes. 
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Participants were allowed to practice the task to ensure they understood it and felt comfortable to 
proceed. 
In Task 2, participants were instructed to try to “feel what the person in the photograph is 
feeling.” They were explicitly told not to mimic the facial expressions. They were given a 
practice session to ensure they understood the task and felt comfortable to proceed. These 
instructions were also presented on the screen at the beginning of each block. 
After both tasks were complete, participants were asked to write down all emotions they 
remembered seeing in Task 2 and what strategy they used to try to “feel” each emotion (see 
Appendix A). This was used to assess how well they recognized the emotional expressions in the 
study and to document their regulation strategies. There were enough spaces to identify up to six 
emotions, but it was stressed in the verbal and written instructions that not all the spaces had to 
be used. Participants also rated how successful they felt in upregulating each identified emotion 
using a 5-point scale. No EEG was recorded when they answered these questions. Participants 
were debriefed following completion of this portion of the study. 
Emotion Recognition and Regulation Strategy Analysis 
 Each participant identified between one and six emotional expressions, and each was 
paired with an upregulation strategy and a success rating. 
Each emotional expression generated by each participant was scored as correct or 
incorrect according to a system created within our lab. An emotion was considered correct if it 
directly matched one of the three facial expressions used in the study (happy, fearful, sad), was 
an alternate form of one of those words (e.g., happiness, fear, sadness), or was a direct match 
with a modifier (e.g., very sad). Close synonyms were also considered correct (e.g., joy, scared). 
However, emotions were coded as incorrect if they could also be associated with other emotional 
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expressions that were not shown. For example, “disappointed” was coded as a correct synonym 
for sad because it typically does not overlap with other emotions, whereas “hurt” was coded as 
incorrect because it could be expressed as sadness, anger, or physical pain. Descriptions of facial 
actions rather than emotions (e.g., “laughing”) were coded as incorrect. Ambiguous cases were 
discussed with lab members for general consensus. 
The total number of emotion labels (1 to 6) generated by each participant was recorded. 
Some participants used different synonyms for the same emotion, thereby repeating themselves. 
For example, some listed both “happy” and “excited” or “sad” and “disappointed.” In these 
instances, only one answer was used in their total emotion recognition score and a maximum of 
three answers were scored as correct. These scores were used to calculate the mean number of 
expressions that the participants reported seeing, the percentage of participants who correctly 
identified each expression, and the mean rating for emotion regulation success for each 
expression. 
 Coding of participants’ emotion regulation strategies loosely followed the guidelines 
proposed by Hill, Thompson, and Williams (1997) but with a single coder instead of a team. 
Only the strategies described for correctly identified emotions were analyzed. Domains were 
based on Gross’s (2015) review of emotion regulation literature and included Attentional 
Deployment (redirecting one’s attention to a stimulus that will change an emotional state), 
Reappraisal (altering one’s cognitions or perceptions about a stimulus in order to change an 
emotional state), and Response Modulation (directly influencing behavioral or physiological 
components of an emotional response after it is already developed). If the participant’s 
description of his or her strategy did not clearly fall under one of these three domains, it was 
coded as “Other.” 
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 Each participant’s upregulation success rating was recorded for each emotion label. Only 
the ratings for correctly identified emotions were analyzed. When a participant repeated a correct 
emotion label (e.g., “happy” and “excited” listed as separate emotions), their success ratings 
were averaged for that emotion. 
ERP and Event-Related Desynchronization (ERD) Processing 
 ERP and ERD analysis was performed offline. Sweeps were sampled from 200 
milliseconds prior to stimulus onset until 3 seconds after stimulus onset. Epochs were corrected 
for eye movement artifacts with the Neuroscan Edit program, which uses a technique developed 
by Semlitsch, Anderer, Schuster, and Presslich (1986). The mu rhythm desynchronization was 
measured as the percentage decrease in activity in the 8-12 Hz frequency band compared to 100 
ms prior to stimulus onset. Therefore, larger, more positive numbers were indicative of greater 
mu rhythm suppression. The percentage decrease was measured in smoothed 100 ms bins 
between 300 and 3000 ms with a 100-ms rolloff on either side at frontal and central electrodes 
(i.e., FC1, FCz, FC2, C1, Cz, C2). Based on visual inspection of the grand averaged data, mu 
rhythm ERD was calculated as the mean power change in three windows: 500 to 1000 ms 
(Window 1), 1000 to 2000 ms (Window 2), and 2000 to 3000 ms (Window 3) after stimulus 
onset. 
 For ERP analysis, epochs were bandpass filtered from 0.1 to 30 Hz and baseline 
corrected using the averaged EEG from 200 ms prior to stimulus onset. Automatic artifact 
rejection excluded sweeps where the EEG exceeded 50 V. For the 60 participants whose EEG 
data were included in the statistical analyses, there was an average of 88% accepted trials in Task 
1 (SD = 11%) and 86% in Task 2 (SD = 9%). The P100 was measured as the maximal positivity 
between 75 and 125 ms after stimulus onset at the three electrodes at which it appeared largest in 
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grand averages (i.e., PO6, PO8, O2). The N170 was measured as the maximal negativity between 
140 and 200 ms after stimulus onset at the three electrodes at which it appeared largest in grand 
averages (i.e., P8, PO8, CB2). The LPP was calculated as the mean amplitude in four windows: 
400 to 600 ms (Window 1), 600 to 1000 ms (Window 2), 1000 to 2000 ms (Window 3), and 
2000 to 3000 ms (Window 4) after stimulus onset at the six electrodes at which it appeared 
largest in grand averages (i.e., C1, Cz, C2, CP1, CPz, CP2). 
Statistical Analyses 
Bivariate correlations were used to determine the relationships among scores on the 
personality and empathy measures as well as the relationship between these scores and the 
behavioral data (i.e. non-face target accuracy in Task 1), emotion recognition accuracy, and 
emotion regulation success ratings. 
Task 1 data were first explored to determine whether mu suppression or the ERPs varied 
with emotional stimulus or across time windows (where appropriate), regardless of personality 
traits or empathy. The mu ERD data were entered into a repeated-measures analysis of variance 
(ANOVA) with Window (3), Emotion (4), and Electrode (6) as the within-subjects factors. P100 
and N170 data were similarly explored with separate repeated-measures ANOVAs with Emotion 
(4) and Electrode (3) as the within-subjects factors. Finally, the LPP data were explored using a 
repeated-measures ANOVA with Window (4), Emotion (4), and Electrode (6) as the within-
subjects factors. Note that Window was only used as a factor in the ANOVA when the 
neurophysiological response was relatively lengthy (i.e., mu ERD or LPP, not P100 or N170). 
Next, analyses were performed to determine whether psychopathic and/or empathic personality 
traits predicted or moderated the mu suppression and ERPs. Analyses of covariance 
(ANCOVAs) using the same within-subjects factors as outlined above were performed with PPI-
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R Coldheartedness, PPI-R Total, IRI Empathic Concern, or IRI Perspective-Taking scores as 
continuous covariates (see Ellis, Schroder, Patrick, & Moser, 2017; Moser, Hartwig, Moran, 
Jendrusina, & Kross, 2014 for similar methodologies). If significant main effects or interaction 
terms were discovered, they were followed up with simple or multiple regressions using centered 
data. 
In addition, to index upregulation from the first to the second task, Task Difference 
Scores were calculated by subtracting the ERD/ERP amplitudes in Task 1 from the ERD/ERP 
amplitudes in Task 2. To determine whether participants showed significant differences in 
ERD/ERP amplitude from Task 1 to Task 2—in other words, whether they actually were able to 
upregulate—Task Difference Scores were compared to zero using Student’s t-tests. Task 
Difference Scores were also entered into separate repeated-measures ANOVAs with Window (3 
for mu ERD, 4 for LPP), Emotion (3), and Electrode (6 for mu ERD and LPP, 3 for P100 and 
N170) as the within-subjects factors to determine whether Task Difference Scores varied with 
emotional stimulus or across time windows. Similar repeated-measures ANCOVAs were 
performed with PPI-R Coldheartedness, PPI-R Total, IRI Empathic Concern, or IRI Perspective-
Taking scores as continuous covariates to determine whether psychopathic and/or empathic 
personality traits predicted or moderated Task Difference Scores. Any main effects or significant 
interactions were followed up with simple or multiple regressions with centered data. 
For all ANOVAs and ANCOVAs, a Greenhouse-Geisser correction was applied when 
required and corrected p-values were reported. Uncorrected degrees of freedom were reported 




Chapter 7: Results 
Self-Report Personality Trait and Empathy Questionnaires 
 The correlation matrix for scores on the personality trait and empathy questionnaires, i.e. 
STAI-Trait, PPI-R Total and composite scores, IRI Perspective-Taking, and IRI Empathic 
Concern, are shown in Table 1 for both the larger sample of 506 participants and the final EEG 
sample of 60 participants. In the larger sample, significant relationships were found between the 
following variables: STAI-Trait scores were positively correlated with PPI-R Self-Centered 
Impulsivity and Total scores, and negatively correlated with IRI Perspective-Taking and PPI-R 
Fearless Dominance scores. IRI Perspective-Taking scores were positively related to IRI 
Empathic Concern and PPI-R Fearless Dominance scores, and negatively related to PPI-R 
Coldheartedness, Self-Centered Impulsivity, and Total scores. IRI Empathic Concern scores 
were negatively correlated with PPI-R Coldheartedness, Self-Centered Impulsivity, and Total 
scores. PPI-R Coldheartedness, Self-Centered Impulsivity, Fearless Dominance, and Total scores 
were all positively related to each other. The more robust of the correlations in the larger sample 
held for the smaller EEG sample; specifically, significant relationships were found between the 
following variables: STAI-Trait scores were positively correlated with PPI-R Self-Centered 
Impulsivity scores, and negatively related to PPI-R Fearless Dominance scores. IRI Perspective-
Taking scores were positively correlated with IRI Empathic Concern scores, and negatively 
correlated with PPI-R Coldheartedness, PPI-R Self-Centered Impulsivity, and PPI-R Total 
scores. However, IRI Empathic Concern scores were negatively correlated with PPI-R 
Coldheartedness scores only. PPI-R Coldheartedness, Self-Centered Impulsivity, and Fearless 
Dominance scores were each positively correlated with PPI-R Total scores, but were not 
significantly correlated with each other. 
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Task 1 ERP Target Accuracy 
 All participants were highly accurate in responding to the target stimuli, which were 
pictures of clouds (M = 99.8%, SD = 0.5%), indicating they paid good attention to the task. 
Bivariate correlations showed no significant relationships between target accuracy and PPI-R 
Coldheartedness, PPI-R Total, IRI Perspective-Taking, or IRI Empathic Concern scores (all ps > 
0.1). 
Emotion Identification 
When asked which emotional expressions they saw in Task 2, participants indicated 
seeing an average of four emotions (SD = 1.1), even though only three (happy, fearful, sad) were 
presented. Happiness was the most reliably identified emotion (96.7% of participants), followed 
by sadness (85.0%) and then fear (51.7%). Only 15% of the sample identified only the three 
presented emotions; a further 23% correctly identified these three in addition to at least one other 
emotion that was not presented. Among all participants, the most commonly misidentified 
expression was surprise (30.0%), followed by anger (26.7%), and shock (25.0%). There were no 
significant correlations between the number of emotions identified and PPI-R Coldheartedness, 
PPI-R Total, IRI Perspective-Taking, or IRI Empathic Concern scores (all ps > 0.1). 
Emotion Regulation Strategies 
 The emotion regulation strategies that participants reported using in Task 2 are provided 
in Table 2, along with some specific examples of how they tried to feel the same emotion as the 
person in the photograph. Attentional deployment (i.e., thinking about something a participant 
commonly associated with a particular emotion) was the most commonly used emotion 
regulation strategy. More than 75% of participants used attentional deployment for increasing 
feelings of happiness, fear, and sadness. Participants felt relatively successful in their ability to 
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upregulate each emotion; the average success rating on a scale from 1 to 5 was 3.7 (SD = 0.9) for 
happiness, 3.5 (SD = 1.1) for sadness, and 3.3 (SD = 0.9) for fear. There were no significant 
correlations between upregulation success ratings and PPI-R Coldheartedness, PPI-R Total, IRI 
Perspective-Taking, or IRI Empathic Concern scores (all ps > 0.09). 
Mu Rhythm ERD 
Task 1 data for one participant was missing due to a software malfunction, and so this 
subject was excluded from all mu ERD analyses. Mean mu ERD with standard deviations for 
each Window, Task, and Emotion are presented in Table 3. Figure 1 shows the scalp distribution 
of mu ERD for each Task. In general during Task 1, participants showed widely distributed mu 
suppression, as well as some alpha synchronization at posterior sites. During Task 2, there was 
strong global mu suppression lasting about 2000 ms. Grand average mu ERDs for each Emotion 
and Task are shown in Figure 2, and Figure 3 shows the grand average mu ERDs for all 
participants collapsed across Emotion for each Task. 
The repeated-measures ANOVA for all participants showed a main effect of Window on 
mu ERD in Task 1, F(2, 116) = 10.8, p < 0.001, ηp2 = 0.16 (see Figure 3 and Table 3). Post-hoc 
tests revealed that mu ERD was significantly smaller in Window 3 (2000-3000 ms) compared to 
Window 1 (500-1000 ms), t(58) = -3.6, p = 0.002, and Window 2 (1000-2000 ms), t(58) = -4.1, p 
< 0.001. In addition, there was a main effect of Emotion, F(3, 174) = 3.9, p = 0.011, ηp2 = 0.06 
(see ERP waveforms shown in Figure 2). Mu ERD was significantly smaller for calm compared 
to fearful faces, t(58) = -3.0, p = 0.017, and happy faces, t(58) = -2.6, p = 0.047. Other 
comparisons were not statistically significant (all ps > 0.5). The Window x Emotion interaction 
was not statistically significant (p = 0.187). 
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Repeated measures ANCOVAs for each of the personality and empathy measures yielded 
a significant main effect of IRI Perspective-Taking, F(1, 57) = 5.5, p = 0.022, ηp2 = 0.09. Simple 
regression showed that IRI Perspective-Taking negatively predicted overall mu suppression 
during Task 1, R2 = 0.09, B = -0.86 (see bivariate correlation shown in Figure 4). For illustration 
purposes, grand average mu ERDs for participants in the lowest (IRI-PT scores ≤ 16, n = 21) and 
highest terciles (IRI-PT scores ≥ 22, n = 21) are shown in Figure 5. There was also a significant 
main effect of IRI Empathic Concern, F(1, 57) = 7.8, p = 0.007, ηp2 = 0.12. Simple regression 
showed that IRI Empathic Concern negatively predicted overall mu suppression during Task 1, 
R2 = 0.12, B = -1.11 (see bivariate correlation shown in Figure 6). For illustration purposes, 
grand average mu ERDs for participants in the lowest (IRI-EC scores ≤ 17, n = 21) and highest 
terciles (IRI-EC scores ≥ 22, n = 25) are shown in Figure 7. The effects of PPI-R 
Coldheartedness and Total scores in the ANCOVAs were not statistically significant, nor were 
the interactions between the covariates and any of the within-subjects variables (all ps > 0.2). 
Mean mu ERD Task Difference Scores with standard deviations for each Window and 
Emotion are presented in Table 4. All Task Difference Scores were positive values, and when 
collapsed across Window and Emotion, the mean was significantly different from zero, t(58) = 
3.9, p < 0.001. This suggested that relative to the passive viewing task (Task 1), participants 
were able to increase mu suppression in Task 2 when given explicit instructions to upregulate 
their emotional response. This can also be seen in the ERP waveforms shown in Figure 3. A 
repeated measures ANOVA revealed that the effects of Window, Emotion, and their interaction 
on mu ERD Task Difference Scores were not statistically significant (all ps > 0.1). The effects of 
the personality and empathy measures in the ANCOVAs were not statistically significant, nor 
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were the interactions between the covariates and any of the within-subjects variables (all ps > 
0.2). 
ERP Data 
P100. Mean P100 amplitudes with standard deviations for each Task and Emotion are 
presented in Table 5. Figure 8 shows the scalp distribution of activity at 110 ms (the peak of the 
activity in the grand averaged data) for each Task. Activity was greatest at lateral posterior sites 
across both Tasks. Grand averaged P100 waveforms for all participants are shown for each 
Emotion and Task in Figure 9, and averaged across emotions for Task 1 and Task 2 in Figure 10. 
A repeated-measures ANOVA for all participants showed that the effect of Emotion on 
P100 amplitudes in Task 1 was not statistically significant (p = 0.169). Repeated-measures 
ANCOVAs indicated that the effects of the personality and empathy measures were not 
statistically significant, nor were the interactions between the covariates and any of the within-
subjects variables (all ps > 0.2). 
Mean P100 Task Difference Scores with standard deviations for each Emotion are 
presented in Table 6. All Task Difference Scores were positive, and when collapsed across 
Emotion, the mean was significantly different from zero, t(59) = 3.3, p = 0.002. This suggested 
that relative to the passive viewing task (Task 1), participants were able to increase their P100 
amplitude in Task 2 when given explicit instructions to upregulate their emotional response. This 
is also illustrated in the ERP waveforms shown in Figure 10. A repeated measures ANOVA 
revealed that the effect of Emotion on P100 Task Difference Scores was not statistically 
significant (p = 0.140). Repeated-measures ANCOVAs showed that the effects of and 
interactions with personality or empathy measures were not statistically significant (all ps > 
0.09). 
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N170. Mean N170 amplitudes with standard deviations for each Task and Emotion are 
presented in Table 7. Figure 11 shows the scalp distribution of activity at 165 ms (the peak of the 
N170 in the grand averaged data) for each Task. Negativities were largest at posterior lateral 
sites across both Tasks. Grand averaged N170 waveforms for all participants are shown for each 
Emotion and Task in Figure 12, and averaged across emotions for Task 1 and 2 in Figure 13. 
A repeated-measures ANOVA for all participants showed that the effect of Emotion on 
N170 amplitudes in Task 1 was not statistically significant (p = 0.073). Repeated-measures 
ANCOVAs showed a marginally significant main effect of PPI-R Coldheartedness, F(1, 58) = 
3.8, p = 0.058, ηp2 = 0.06. Simple regression confirmed that PPI-R Coldheartedness negatively 
predicted overall N170 amplitude during Task 1, R2 = 0.06, B = -0.05. However, a multivariate 
outlier was detected using Cook’s distance; when this outlier was removed from the analysis, the 
model was statistically significant, F(1, 57) = 8.1, p = 0.006, R2 = 0.12, B = -0.07, i.e., PPI-R 
Coldheartedness was associated with larger N170 waves (see bivariate correlation shown in 
Figure 14). For illustration purposes, grand average N170s for participants in the lowest (PPI-R 
Coldheartedness T-scores ≤ 43, n = 20) and highest terciles (PPI-R Coldheartedness T-scores ≥ 
57, n = 20) are shown in Figure 15. The other main effects of and interactions with the 
personality or empathy measures were not statistically significant (all ps > 0.1). 
Mean N170 Task Difference Scores with standard deviations for each Emotion are 
presented in Table 8. All Task Difference Scores were negative (indicating larger N170s in Task 
2 than in Task 1), and when collapsed across Emotion, the mean was significantly different from 
zero, t(59) = -2.8, p = 0.007. This suggested that relative to the passive viewing task (Task 1), 
participants were able to increase the size of the N170 amplitude in Task 2 when given explicit 
instructions to upregulate their emotional response. This can also be seen in the ERP waveforms 
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shown in Figure 13. A repeated measures ANOVA revealed that the effect of Emotion on N170 
Task Difference Scores was not statistically significant (p = 0.160). Repeated-measures 
ANCOVAs revealed a significant main effect of IRI Empathic Concern only, F(1, 58) = 8.8, p = 
0.004, ηp2 = 0.13. Simple regression confirmed that IRI Empathic Concern negatively predicted 
overall N170 Task Difference Scores, R2 = 0.13, B = -0.10 (see bivariate correlation shown in 
Figure 16). For illustration purposes, grand average N170 Task Difference waves are shown for 
participants in the lowest and highest terciles for IRI Empathic Concern in Figure 17. The other 
main effects of and interactions with the personality or empathy measures were not statistically 
significant (all ps > 0.3). 
LPP. Mean LPP amplitude with standard deviations for each Window, Task, and 
Emotion are presented in Table 9. Figure 18 shows the scalp distribution of activity in 500 ms 
bins for each Task. During Task 1, participants generally showed increased and sustained 
activity at anterior midline sites. During Task 2, initially activity was greatest at more posterior 
midline sites and progressed anteriorly with time, but the activity was not as sustained as in Task 
1. Grand averaged LPP waveforms for all participants are shown for each Emotion and Task in 
Figure 19, and averaged across emotions for Task 1 and 2 in Figure 20. A repeated-measures 
ANOVA for Task 1 with all participants showed a main effect of Window, F(3, 177) = 30.3, p < 
0.001, ηp2 = 0.34. The LPP was largest in Window 2, and smallest in Window 1. This can also be 
seen in the Task 1 waveforms in Figure 20. The LPP was significantly larger in Window 2 (600-
1000 ms) compared to all other windows: Window 1 (400-600 ms), t(59) = 8.6, p < 0.001, 
Window 3 (1000-2000 ms), t(59) = 5.5, p < 0.001, and Window 4 (2000-3000 ms), t(59) = 5.7, p 
< 0.001. In addition, the LPP in Window 3 was larger than in both Window 1, t(59) = 4.7, p < 
0.001, and Window 4, t(59) = 4.3, p = 0.004. Finally, the LPP in Window 4 was larger than in 
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Window 1, t(59) = 2.8, p =0.041. The repeated-measures ANOVA also showed a main effect of 
Emotion, F(3, 177) = 4.4, p = 0.005, ηp2 = 0.07. This can be seen in the ERP waveforms for Task 
1 shown in Figure 19. The LPP in response to fearful faces was larger than in response to sad 
faces, t(59) = 3.4, p = 0.006. Other comparisons were not statistically significant (all ps > 0.07), 
including the Window x Emotion interaction (p = 0.163). 
Repeated-measures ANCOVAs for Task 1 showed that the main effects for any of the 
personality or empathy variables were not statistically significant (all ps > 0.1), but there was an 
interaction between PPI-R Coldheartedness and Window, F(3, 174) = 3.6, p = 0.030, ηp2 = 0.06. 
Bivariate correlations were not significant, but the plots shown in Figure 21 indicated that 
Coldheartedness was not correlated with LPP in Window 1, but was inversely related to the LPP 
in Windows 2, 3, and 4. Multiple regression with Coldheartedness as the outcome and the LPP 
amplitude during Task 1 in each of the four Windows entered simultaneously as independent 
variables violated assumptions of collinearity; Windows 3 and 4 were highly correlated. 
Therefore, Windows 3 and 4 were averaged into a single variable. In addition, a multivariate 
outlier was detected using Cook’s distance and leverage values, and so this individual was 
removed from the analysis. This modified model, with Coldheartedness as the outcome and LPP 
amplitude during Task 1 in each of three Windows entered simultaneously as independent 
variables, was marginally significant (p = 0.066, R2 = 0.12). After controlling for the effects of 
the other Windows, the LPP in Window 1 significantly positively predicted Coldheartedness (B 
= 3.4), while LPPs in Window 2 (B = -2.1) and the composite of Windows 3 and 4 (B = -2.4) did 
not significantly contribute to the model. For illustration purposes, LPPs for participants in the 
lowest and highest terciles for PPI-R Coldheartedness are shown in Figure 22. Those with low 
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Coldheartedness scores had larger LPPs than those with high scores in all windows except for 
the first one. 
There was also a significant Window x Emotion x PPI-R Total Score interaction, F(9, 
522) = 3.1, p = 0.009, ηp2 = 0.05 (see bivariate correlations shown in Figure 23). Four multiple 
regressions—one for each Window—were run with Total score as the outcome and the LPP 
amplitude for each Emotion in Task 1 as the independent variables. The models for Windows 1, 
2, and 3 were not significant (all ps > 0.2). The model was significant in Window 4 (p = 0.035, 
R2 = 0.17), and LPP for sad faces was a marginally significant negative predictor of PPI-R Total 
score (B = -1.2). For illustration purposes, grand average LPPs for participants in the lowest (T-
scores ≤ 44, n = 21) and highest (T-scores ≥ 55, n = 21) terciles for PPI-R Total scores are shown 
in Figure 24. Those with high Total scores had smaller LPPs for sad faces compared to other 
emotions, particularly in late windows, while those with low Total scores had similar LPPs for 
all emotions. 
Finally, there was a Window x IRI Empathic Concern interaction, F(3, 174) = 3.1, p = 
0.049, ηp2 = 0.05. Bivariate correlations, shown in Figure 25, showed that Empathic Concern was 
not correlated with LPP in Window 1, but was positively related to the LPP in Windows 2, 3, 
and 4. A multiple regression model with Empathic Concern as the outcome and the LPP 
amplitude during Task 1 in each of the four Windows entered simultaneously as independent 
variables violated assumptions of collinearity, with Windows 3 and 4 highly correlated. 
Therefore, Windows 3 and 4 were averaged into a single variable. In addition, a multivariate 
outlier was detected using Cook’s distance and leverage values, and so this individual was 
removed from the analysis. This modified model, with Empathic Concern as the outcome and 
LPP amplitude during Task 1 in each of three Windows entered simultaneously as independent 
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variables, was significant (p = 0.039, R2 = 0.14). LPPs in Window 1 and the composite of 
Windows 3 and 4 significantly contributed to the variance in LPP scores, but the association was 
in opposite directions. In Window 1, there was a negative relationship between LPP amplitude 
and Empathic Concern (B = -1.3), while LPPs in Window 3/4 were significant positive predictors 
(B = 1.5). To illustrate this further, participants were divided using a tercile split based on their 
Empathic Concern scores, and LPPs for participants in the lowest and highest groups are shown 
in Figure 26. Those with high Empathic Concern scores had larger LPPs than those with low 
scores in all windows except for the first one. 
Mean LPP Task Difference Scores with standard deviations for each Window and 
Emotion are presented in Table 10, and the grand average LPP Task Difference waveform is 
shown in Figure 27. Task Difference Scores collapsed across Window and Emotion were not 
significantly different from zero (p = 0.423). However, inspection of the means in Table 10 and 
the grand averaged waveform in Figure 27 indicate that the Task Difference Scores varied across 
time windows, and so separate Bonferroni-corrected t-tests were run for each Window (corrected 
 = 0.0125). The mean LPP Task Difference Score was positive in Windows 1 and 2, but was 
only significantly greater than zero in Window 1, t(59) = 5.0, p < 0.001. This suggests that 
participants were initially able to increase LPP amplitudes in Task 2 when given explicit 
instructions to upregulate their emotional response, but were not able to sustain this in later time 
windows. Indeed, as can be seen in Table 10, mean LPP Task Difference Scores were negative in 
Windows 3 and 4, although this difference from zero did not reach statistical significance (all ps 
> 0.0125). These findings were also supported by the results of a repeated measures ANOVA for 
LPP Task Difference Scores, which showed a main effect of Window, F(3, 177) = 23.6, p < 
0.001, ηp2 = 0.29. LPP Task Difference Scores were larger in Window 1 compared to Window 2, 
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t(59) = 5.6, p < 0.001, Window 3, t(59) = 5.3, p < 0.001, and Window 4, t(59) = 5.3, p < 0.001. 
In addition, the LPP Task Difference Score in Window 2 was larger than in Window 3, t(59) = 
3.4, p = 0.008, and Window 4, t(59) = 3.3, p = 0.011. The main effect of Emotion was not 
statistically significant (p = 0.273), nor was the interaction between Window and Emotion (p = 
0.773). Repeated-measures ANCOVAs revealed that the main effects of and interactions with the 
personality or empathy measures were not statistically significant (all ps > 0.1). 
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Chapter 8: Discussion 
Mu Rhythm ERD 
Consistent with previous literature (Balconi & Lucchiari, 2006; Balconi & Mazza, 2009; 
Ensenberg, Perry, & Aviezer, 2017; A. Moore et al., 2012; M. R. Moore & Franz, 2017; Popov, 
Miller, Rockstroh, & Weisz, 2013; Rayson, Bonaiuto, Ferrari, & Murray, 2016, 2017), the grand 
averaged waveforms in the present study showed mu suppression over frontocentral electrodes in 
response to passively viewed emotional facial expressions relative to baseline. We also found 
significantly more mu suppression for fearful and happy faces compared to calm faces, which 
suggests that the emotional expressions of the faces modulated the mu rhythm. Others have 
similarly demonstrated greater mu ERD for emotional versus neutral expressions. For example, 
adults have been shown to exhibit greater mu suppression for emotional compared to neutral 
faces (Balconi & Mazza, 2009; Popov et al., 2013), and 30-month-old children have been shown 
to have greater mu suppression for happy and sad faces compared to non-emotional, open-
mouthed faces (Rayson et al., 2016). Yet, relatively few studies have investigated the 
responsivity of the mu rhythm to emotional faces in general, and even fewer have included a 
neutral face comparison, so this is an area that warrants further study. 
Moreover, participants in the present study showed a significant increase in mu 
suppression during the upregulation task, suggesting that the mu rhythm is susceptible to top-
down influences. To our knowledge, only one other study has investigated the effects of 
upregulation on mu rhythm with emotional face stimuli (A. Moore et al., 2012). In contrast to 
our results, A. Moore and colleagues found no difference in mu suppression when participants 
passively viewed or attempted to empathize with emotional faces (A. Moore et al., 2012). 
However, their study had a smaller sample size (n = 22), which could imply the analyses were 
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underpowered; the authors also used 1400 time-frequency bins in their analysis, which they 
noted could produce false negatives (A. Moore et al., 2012). Nonetheless, a few other studies 
have demonstrated that the mu rhythm can be modulated by task demands and intention, 
although they have not specifically used emotional stimuli. For instance, Woodruff and Klein 
(2013) showed mu suppression when participants were instructed to solely attend to finger 
movements, but this disappeared when they were distracted by having to generate words at the 
same time. In addition, the mu rhythm has been used effectively in neurofeedback paradigms 
using videos of social interactions in children with autism spectrum disorder (Friedrich et al., 
2015), and using imagination of action in stroke patients (Friesen, Bardouille, Neyedli, & Boe, 
2017), and neurotypical adults (Soekadar, Witkowski, Cossio, Birbaumer, & Cohen, 2014), 
which further demonstrates that it can be intentionally modulated. 
ERP Components 
P100 and N170. In the present study, we found no effect of emotion on the amplitude of 
the P100 or N170 in either of the two tasks. The P100 indexes rapid visual processing and is 
thought to be generated in inferior occipital-temporal and lateral extrastriate cortices (Di Russo 
et al., 2001; Pratt, 2013). It can be modulated by physical characteristics of the stimulus as well 
as attention, with larger P100 amplitudes in response to attended compared to non-attended 
stimuli (Luck, 2005; Luck & Kappenman, 2013a; Luck, Woodman, & Vogel, 2000; Olofsson et 
al., 2008; Pratt, 2013). The N170 is also thought to be generated in visual association areas, 
primarily the fusiform gyrus in the temporal cortex (Rossion & Jacques, 2013). The N170 is 
larger in response to faces than to other types of visual stimuli (Luck, 2005; Rossion & Jacques, 
2013) but, like the P100, it can also be modulated through top-down processes such as attention 
(Rossion, 2014; Rossion & Jacques, 2013). 
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Theoretically, emotionally salient stimuli should better capture attention due to their 
evolutionary and motivational significance, and should therefore produce larger P100s and 
N170s (Olofsson et al., 2008). Indeed, a recent meta-analysis exploring the effect of emotional 
faces on N170 amplitude revealed that in general, emotional faces elicit larger N170s than 
neutral faces (Hinojosa et al., 2015). In particular, angry, fearful, and happy faces (but not sad or 
disgusted faces) produced significant increases in the N170 across studies. Importantly, however, 
there were moderating effects of the reference electrode(s) used (with a common reference 
tending to generate larger N170s) and of the task used (with larger N170s elicited when 
participants were not explicitly interacting with (for example, categorizing or rating) the faces; 
Hinojosa et al., 2015). Even though we used an average of the mastoids as a reference, which 
may have produced a smaller effect of emotion on the N170, we did not require participants to 
interact with the faces during Task 1, which should have produced a larger effect. Therefore, it is 
unclear why we were unable to find an effect of emotion on the N170 in our sample. 
In contrast to the relatively consistent patterns found for the effects of emotion on the 
amplitude of the N170, the reports on the effects of emotional face processing on the P100 have 
been more variable. Some have found larger P100s for particular emotional expressions, such as 
angry (Aguado et al., 2012; Blechert, Sheppes, Tella, Williams, & Gross, 2012; Rellecke, 
Sommer, & Schacht, 2012) and fearful (Holmes, Nielsen, & Green, 2008; Holmes, Nielsen, 
Tipper, & Green, 2009; Luo et al., 2010; Pourtois, Dan, Grandjean, Sander, & Vuilleumier, 
2005; Smith et al., 2013) compared to neutral faces, and occasionally for specific emotional 
expressions compared to each other (Aguado et al., 2012; Luo et al., 2010; Rellecke et al., 2012; 
Smith et al., 2013). However, others have not found significant effects of emotion (Batty & 
Taylor, 2003; Degabriele, Lagopoulos, & Malhi, 2011; Forscher, Zheng, Ke, Folstein, & Li, 
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2016; Mermillod et al., 2018; Pourtois, Grandjean, Sander, & Vuilleumier, 2004; Recio, Schacht, 
& Sommer, 2014; Sun, Ren, & He, 2017). As with the N170, it is likely that methodological 
differences across studies account for the inconsistencies in findings across studies, but this has 
not yet been systematically analyzed. 
Despite these null results, participants in the present study were able to increase the 
amplitude of the P100 and N170 ERP components in the upregulation task, most likely 
indicating increased attention to the stimuli. It is also possible that the emotional state of the 
participant influenced these early ERPs through another mechanism. However, the P100 and 
N170 are early sensory components that are sensitive to attention (Olofsson et al., 2008; Pratt, 
2013; Rossion, 2014); therefore, it is probable that the instructions for Task 2 increased the 
salience of the emotional faces and thus increased the absolute amplitudes of these ERPs. Other 
studies also found that the amplitude of the P100 and N170 could be modulated by manipulating 
the motivational state of the participants. For example, people increased P100 amplitudes and 
decreased absolute N170 amplitudes when instructed to approach rather than avoid other-race 
faces (Cunningham, Van Bavel, Arbuckle, Packer, & Waggoner, 2012) or when instructed to 
change their interpretation of an angry face (Blechert et al., 2012), and people increased both 
P100 and absolute N170 amplitudes when they were given a brief description about a depicted 
person instead of no information (Mermillod et al., 2018) or asked to judge the gender or 
emotional expression of a face rather than just view it (Rellecke et al., 2012). However, at least 
one study obtained null effects on N170 amplitudes when participants were explicitly asked to 
reduce their emotional response to faces (Herbert, Deutsch, Platte, & Pauli, 2013). 
LPP. The present study further found an effect of emotion on LPP amplitudes in the 
passive viewing condition but not the upregulation condition. Specifically, LPPs were larger for 
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fearful faces compared to sad faces in Task 1. The LPP is a slow wave indicative of attention in 
earlier time windows (i.e., approximately 300-600 ms) and sustained cognitive processing 
thereafter (Foti et al., 2009). Larger LPPs reflect enhanced processing (Foti et al., 2009; Hajcak 
et al., 2010) and positively correlate with subjective ratings of emotional arousal (Cuthbert et al., 
2000; Schupp, Flaisch, Stockburger, & Junghöfer, 2006). Therefore, our results suggest that 
fearful faces captured and held attention better than sad faces. Fear in particular is a highly 
arousing emotion that rapidly and strongly engages the amygdala, which in turn influences 
attention and later cognitive processing (Öhman & Mineka, 2001; Vuilleumier, 2005). Sadness, 
on the other hand, is less arousing, and so it may not attract attention as readily as fear (e.g., 
Dennis & Chen, 2007; Smith et al., 2013). Two other studies have similarly found that fearful 
faces elicited larger LPPs than sad faces (Recio et al., 2014; Smith et al., 2013; but see Ashley, 
Vuilleumier, & Swick, 2004 for null results). 
Participants in our study also demonstrated an increase in LPP amplitude during the 
upregulation task, reflected by significantly increased LPP Task Difference Scores, but only in 
the earliest time window (400-600 ms). Our data are consistent with other studies showing that 
the LPP is susceptible to top-down influence, such as emotion regulation strategies. Two studies 
have shown that participants can increase their LPP amplitudes when instructed to enhance their 
emotional response to visually complex, highly arousing scenes (Ellis et al., 2017; Moser, 
Krompinger, Dietz, & Simons, 2009; but for null results, see Krompinger, Moser, & Simons, 
2008; Moser, Hajcak, Bukay, & Simons, 2006). Previous studies have also shown that the LPP 
can be down-modulated when participants are given instructions to attend to non-affective 
characteristics of the stimuli (Hajcak, Moser, & Simons, 2006) or suppress their emotional 
reactions to faces (Blechert et al., 2012) or emotional IAPS pictures (Hajcak & Nieuwenhuis, 
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2006; Krompinger et al., 2008; Moran, Jendrusina, & Moser, 2013; Moser et al., 2006, 2014, 
2009; but see Ellis et al., 2017 for null results). This again provides evidence that the LPP can be 
modulated through top-down mechanisms. 
Interestingly, our sample was only able to upregulate their LPP amplitudes for a short 
time frame. As noted, the earliest window of the LPP likely reflects attention, while later 
windows index more elaborative cognitive processes (Foti et al., 2009). Therefore, our results 
indicate that when asked to upregulate, participants were initially able to dedicate additional 
attention to the stimuli, but they were unable to sustain this increase for much more than 0.6 
seconds. Although the LPP Task Difference Scores were not significantly different from zero in 
any later time window, the general pattern was for the score to gradually decline over time, and 
by the latest time window (2000-3000 ms), the mean LPP amplitude in the upregulation task had 
actually marginally decreased relative to the passive viewing task. In contrast, Moser and 
colleagues (2009) found that participants were able to sustain LPP upregulation from 400 to 
3500 ms after stimulus onset, and Ellis et al.’s (2017) participants were able to increase their 
LPPs during a 450-1000 ms time window. It is possible that participants in our study had 
difficulty upregulating their late LPPs during Task 2 due to the lengthiness of the experiment 
(i.e., they had depleted their attentional resources). By the end of the experiment, they had 
viewed a total of 280 faces, whereas participants in the two aforementioned studies only viewed 
180 photos (Ellis et al., 2017; Moser et al., 2009). It is possible that we could have made the 
study shorter, however, in ERP studies, this number of trials is not unprecedented. In fact, ERP 
research necessitates the presentation of similar stimuli multiple times in order to improve the 
signal-to-noise ratio (Luck, 2005). It is also possible that our participants could not sustain the 
upregulation effect because we used emotional faces, which are less arousing than complex 
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emotional scenes (Britton, Taylor, Sudheimer, & Liberzon, 2006; Thom et al., 2014), such as the 
negatively-valenced IAPS images used by both Moser et al. (2009) and Ellis et al. (2017). 
Moderation by Psychopathy and Empathy 
Mu rhythm ERD. Our hypotheses that psychopathic traits that index lack of empathy 
would lead to reduced mu rhythm suppression were not supported. More specifically, we found 
no evidence that PPI-R Coldheartedness was related to mu suppression in the passive viewing 
task or to mu ERD Task Difference Scores (which would have indicated an inability to 
upregulate). This implies that psychopathy-related Coldheartedness did not impact the bottom-up 
or top-down mechanisms involved in the MNS. 
To our knowledge, no one has examined the relationship between mu suppression and 
psychopathic traits using a passive viewing paradigm, and so our null results with respect to Task 
1 are novel. In general, other paradigms measuring automatic MNS function in psychopathy 
have shown varied results, which appear to depend on the stimuli, and/or possibly the sample. 
Passively viewing emotional faces has been related to diminished activity in some MNS regions 
in offenders with high PCL-R psychopathy (Decety et al., 2014; Deeley et al., 2006). However, 
passively viewing photos or videos of hands and/or feet in painful scenarios has elicited 
enhanced MNS function (as measured by motor-evoked potentials or somatosensory steady state 
responses) in undergraduates with higher PPI Coldheartedness scores (Fecteau et al., 2008) and 
high LSRP primary psychopathy scores (Marcoux et al., 2013), and in psychiatric patients with 
higher PPI-R SCI scores (Marcoux et al., 2014). It is possible that this enhanced MNS activity 
could index increased attention to people in uncomfortable situations, i.e., a form of 
schadenfreude. 
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There are few studies of how psychopathy affects top-down regulation of MNS activity, 
and again, the results seem to depend mostly on the task, but also likely the sample 
demographics and/or measurement of psychopathy. fMRI studies that focused participants’ 
attention on emotional facial expressions by requiring participants to match them with a label or 
with other facial expressions have tended to find that psychopathy is associated with diminished 
reactivity of the MNS in inmates (Contreras-Rodríguez et al., 2014; Mier et al., 2014). However, 
when community members focused on the intensity of the pain depicted in images of hands and 
feet in painful or neutral scenarios, there was a larger difference in mu suppression between the 
painful and neutral photos as LSRP total, primary, and secondary scores increased; in other 
words, those with higher levels of psychopathic traits had stronger mu suppression for the 
painful images compared to neutral images (Decety et al., 2015). These paradigms are quite 
different from ours, and so it is difficult to meaningfully compare the results. However, a recent 
fMRI study found that psychopathy did not moderate upregulation of MNS activity to empathy-
eliciting stimuli (Arbuckle & Shane, 2017). Adult men on probation were instructed to increase 
their concern for a person whose hands or feet were depicted in painful situations, and brain 
activity was contrasted with the activity elicited by passively viewing the same stimuli. The 
authors determined that there was no relationship between PCL-R scores and neural activity in 
the upregulation condition; all participants were able to increase activity in a number of brain 
regions associated with the MNS, including the left supplemental motor area, left dorsomedial 
prefrontal cortex, and left inferior parietal cortex, and with empathy for pain, including the 
bilateral anterior insula and left dorsal anterior cingulate (Arbuckle & Shane, 2017). Even though 
they used fMRI instead of EEG, this paradigm was more similar to ours than the study by Decety 
et al. (2015) because they compared an explicit upregulation condition to a passive viewing 
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condition. Therefore, the results of our study and those of Arbuckle and Shane (2017) suggest 
that top-down regulation of the MNS is intact in psychopathy. 
 Contrary to our hypothesis that IRI Perspective-Taking would be positively related to mu 
suppression and mu ERD Task Difference Scores, we found that both IRI Perspective-Taking 
and Empathic Concern scores were negatively related to mu suppression during the passive 
viewing task. Counterintuitively, this would suggest people who are more empathic have less 
MNS activity to emotional faces. Some authors have similarly found negative relationships 
between empathy and mu suppression (Fabi & Leuthold, 2017; Martin et al., 2017; Perry, Troje, 
et al., 2010; Woodruff & Klein, 2013), but many others have found a positive relationship 
(Babiloni et al., 2012; Brown et al., 2016; Cheng et al., 2008; Hoenen et al., 2013; Makhin et al., 
2015; Peled-Avron et al., 2016; Woodruff, Martin, et al., 2011; Yang et al., 2009), and still 
others have found no relationship between the two variables (Fabi & Leuthold, 2018; Hoenen et 
al., 2015; Horan et al., 2014; McCormick et al., 2012; Milston et al., 2013; A. Moore et al., 2012; 
Silas et al., 2010; Woodruff, Daut, et al., 2011). Woodruff and Klein (2013) found a negative 
correlation between IRI Perspective-Taking and mu suppression when participants viewed 
videos of hand movements. The authors hypothesized that their unexpected results could be the 
consequence of an inverted-U relationship wherein those who are moderately empathic have the 
greatest mu suppression, and those with high or low empathy have the least mu suppression. 
They did not test this model because they theorized that their sample of neurotypical individuals 
incidentally excluded people with impaired empathic processing, such as people with autism 
spectrum disorders. Nevertheless, the authors argued that people with greater perspective-taking 
ability may be better at discriminating between self and other, which is important for empathy 
but may rely less on mirroring processes (Woodruff & Klein, 2013). Our results would seem to 
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support this supposition; IRI Perspective-Taking and Empathic Concern were both negatively 
related to mu suppression during passive viewing, and so those with more empathy may depend 
on processes other than mirroring to support these feelings. Interestingly, neither IRI subscale 
was related to mu ERD Task Difference Scores, which suggests that those with more empathy 
could effectively “catch up” to the MNS functioning of those with lower empathy. However, the 
theory proposed by Woodruff and Klein (2013) does not explain the remainder of mixed results 
in the literature. Only a few other studies have found a negative relationship between self-
reported empathy and mu suppression in adult community members (Fabi & Leuthold, 2017; 
Martin et al., 2017) and undergraduates (Perry, Troje, et al., 2010), and their results differed 
across empathy measures. Woodruff and Klein (2013) found a negative correlation between mu 
suppression and IRI Perspective-Taking but not the Empathy Quotient, Martin and colleagues 
(2017) showed a negative relationship with the Personal Distress subscale of the IRI but not the 
Empathy Quotient, and both Perry, Troje, et al. (2010) and Fabi and Leuthold (2017) found 
negative correlations with the Empathy Quotient but not any subscales of the IRI. 
 Given the inconsistencies in the literature, it is important to note that the relationship 
between empathy and MNS activity remains controversial (Baird et al., 2011; Decety, 2010; 
Hickok, 2009; Lamm & Majdandžić, 2015). Some have argued that the more basic components 
of empathy depend on mirroring, or automatically simulating the emotional state of another 
person, an ability which theoretically relies on the MNS (Bastiaansen, Thioux, & Keysers, 2009; 
Carr et al., 2003; de Waal & Preston, 2017; Gallese, 2001; Iacoboni, 2009; Preston & de Waal, 
2002). This basic ability may support more complex forms of empathy, such as perspective-
taking, by allowing the observer to understand another person’s emotional state and behaviors 
(Bastiaansen et al., 2009; Bird & Viding, 2014; Corradini & Antonietti, 2013; de Waal & 
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Preston, 2017; Ferrari & Coudé, 2018; Gallese, 2001; Iacoboni, 2009). However, others have 
pointed out flaws in the empirical studies of empathy and MNS activity that cast doubt on the 
link between the two (Baird et al., 2011; Decety, 2010; Hickok, 2009). First, Decety and others 
argued that there is only indirect evidence for mirror neurons in humans given that we rely on 
neuroimaging techniques to visualize brain activity, rather than single-cell recordings which 
were used to explore mirror neurons in non-human primates (Bastiaansen et al., 2009; Decety, 
2010). fMRI studies rely on shared representations, or activations of the same neural regions 
during both first- and third-person experiences, to support the idea of mirroring within the MNS. 
Yet, the activation of even a single voxel in two conditions does not imply the activation of the 
same neurons (Bastiaansen et al., 2009). Although there is at least one study that used single-cell 
recording to demonstrate the presence of mirror neurons in human medial frontal and temporal 
cortices, including activation during execution and observation of facial expressions (Mukamel, 
Ekstrom, Kaplan, Iacoboni, & Fried, 2010; see also Hutchison, Davis, Lozano, Tasker, & 
Dostrovsky, 1999), it is certainly important to remember that a particular brain region might be 
activated under separate conditions for different reasons, some of which may have nothing to do 
with empathy or shared representations (Decety, 2010). Second, some authors have highlighted 
that not all researchers measure MNS activity in the same regions or using the same types of 
contrasts (Bastiaansen et al., 2009). Third, studies have operationalized empathy differently, used 
a variety of stimuli types, and employed different tasks, all of which likely contribute to the 
inconsistency in findings and the subsequent murky relationship between MNS activity and 
empathy (Baird et al., 2011). 
ERP components. Our hypotheses that for emotional faces, PPI-R Coldheartedness 
would be associated with smaller ERP amplitudes and smaller ERP Task Difference Scores, and 
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that IRI Perspective-Taking and Empathic Concern would be associated with larger ERPs and 
larger ERP Task Difference Scores were partially supported. 
The P100 showed no relationships with the personality or empathy measures. As noted 
previously, the P100 indexes rapid visual processing and is thought to be generated in inferior 
occipital-temporal and lateral extrastriate cortices (Di Russo et al., 2001; Pratt, 2013). Therefore, 
our results indicate that neither psychopathic nor empathic traits influence this early sensory 
component or the ability to upregulate its amplitude. Previous studies have also found no 
correlation between IRI subscale scores and P100 amplitudes in response to faces (Soria Bauser 
et al., 2012) or hands or feet in painful scenarios (Fabi & Leuthold, 2017). 
Counterintuitively, we found that for the passive viewing condition, participants with 
higher Coldheartedness scores had larger, more negative N170s. As noted previously, the N170 
is an ERP thought to be generated primarily in the visual association areas, specifically the 
fusiform gyrus, and it is larger in response to faces than other stimuli (Rossion & Jacques, 2013). 
Emotional faces—especially angry, fearful, and happy faces—tend to elicit larger N170s than 
neutral faces (Hinojosa et al., 2015), presumably due to connections with the amygdala 
(Holthausen et al., 2016). There is some evidence that amygdala (Carré et al., 2013; Contreras-
Rodríguez et al., 2014; Gordon et al., 2004; Mier et al., 2014; Seara-Cardoso et al., 2016; see 
Moul, Killcross, & Dadds, 2012 for review) and fusiform gyrus functioning (Contreras-
Rodríguez et al., 2014; Decety et al., 2014; Deeley et al., 2006; Mier et al., 2014) are disrupted in 
inmates (Contreras-Rodríguez et al., 2014; Decety et al., 2014; Deeley et al., 2006; Mier et al., 
2014) and community members (Carré et al., 2013; Gordon et al., 2004; Seara-Cardoso et al., 
2016) with psychopathic traits, and so our results do not seem to fit with the literature. Yet, 
Almeida and colleagues (2014) found the same relationship as we did among male community 
 64 
members in response to fearful and happy facial expressions. In contrast, Eisenbarth et al. (2013) 
found no evidence that psychopathic traits in female inmates modulated the amplitude of the 
N170; however, their use of a forensic sample and the PCL-R rather than the PPI-R (Eisenbarth 
et al., 2013) likely contribute to their different findings. It is possible that those with Coldhearted 
traits demonstrate larger N170 amplitudes due to increased difficulty with processing faces. In 
neurotypical populations, inverted faces produce a larger N170 than upright faces (for review, 
see Eimer, 2011; Rossion & Jacques, 2013). Some have suggested that this “inversion effect” 
reflects the recruitment of other neural populations outside of the typical N170 generators 
(Haxby, Hoffman, & Gobbini, 2000; Pitcher, Duchaine, Walsh, Yovel, & Kanwisher, 2011; 
Sadeh & Yovel, 2010). This is consistent with literature showing that people with high levels of 
Coldheartedness engage an atypical neural system when processing faces. For example, one 
study found a negative relationship between Coldheartedness and ability to rapidly detect the 
location of fearful faces when they were presented upright, but the opposite relationship when 
the faces were inverted (Oliver, Mao, & Mitchell, 2015). Other studies have shown that 
Coldheartedness and callous traits were related to abnormal visual scanning patterns when 
viewing emotional faces (Boll & Gamer, 2016; Dawel et al., 2015). These too indicate a possible 
atypical face processing mechanism. 
 N170 Task Difference Scores, on the other hand, were moderated by IRI Empathic 
Concern such that participants with higher empathy had larger (more negative) N170s in Task 2 
versus Task 1. The N170 can be intentionally modulated by shifting attention (Gazzaley, 
Cooney, McEvoy, Knight, & D’Esposito, 2005). This implies that in our study, those with 
greater empathy were better able to increase their attention to the emotional faces when 
instructed to do so. This makes intuitive sense, as someone with more empathy for others should 
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have no trouble focusing their attention on the emotional state of another person. Similarly, 
others found that participants with higher IRI Empathic Concern scores had larger N170s during 
an emotion identification task (Choi et al., 2014; Soria Bauser et al., 2012), which would have 
likely induced participants to focus their attention on the emotions in the photos in a similar way 
to Task 2 in our paradigm. 
 Finally, our hypotheses that the LPP and LPP Task Difference Scores would be 
negatively related to PPI-R Coldheartedness and positively related to empathy were partially 
supported. Similar to the N170 results, we found that in the passive viewing task higher PPI-R 
Coldheartedness scores were related to larger LPP amplitudes but only in the earliest time frame 
(400-600 ms) after controlling for the effects of the LPP in later windows. As noted previously, 
the LPP is indicative of early attentional processes in these early time windows, and sustained 
elaborative cognitive processing of a stimulus in later time windows, with larger LPPs reflecting 
enhanced processing (Foti et al., 2009; Hajcak et al., 2010). Therefore, our results suggest that 
people who are more Coldhearted briefly dedicate additional attentional resources to processing 
the emotional faces. This is somewhat similar to the N170 results we found, with 
Coldheartedness related to larger N170 amplitudes, which was also suggestive of early enhanced 
attention to emotional faces among those who are more Coldhearted. Previous studies examining 
the LPP and psychopathy have generally found smaller LPPs in response to negatively-valenced 
scenes among those with higher psychopathic traits (Anderson & Stanford, 2012; Ellis et al., 
2017; Medina, Kirilko, & Grose-Fifer, 2016; Venables, Hall, Yancey, & Patrick, 2015). 
However, all of these studies used IAPS images, which tend to elicit larger LPPs than face 
stimuli in general due to their more arousing content (Britton et al., 2006; Thom et al., 2014). 
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Therefore, it is possible that our use of emotional faces elicited a different pattern of LPP 
reactivity. 
In contrast to our N170 data, regression analyses showed that the correlation between 
LPP amplitudes IRI Empathic Concern scores was negative in the early time frame (400-600 ms) 
but positive in a later window (1000-3000 ms). This suggests that those who had more affective 
empathy engaged in later, but more sustained cognitive processing of the faces. These results are 
fairly consistent with other studies (Choi et al., 2014; Groen et al., 2013; Ikezawa et al., 2014). 
Choi and colleagues (2014) determined that IRI Empathic Concern was not related to LPP 
amplitudes in response to emotional facial expressions in an early (300-600 ms) window, but 
showed small, positive correlations with LPP amplitudes in a 600-800 ms window (however, 
these results were not replicated with a slightly larger sample, Choi & Watanuki, 2014). Groen 
and colleagues (2013) showed a positive relationship between Empathic Concern and LPP 
amplitudes (in an unspecified time frame) in response to pleasant images containing humans. 
Similarly, Ikezawa et al. found that Empathic Concern was negatively correlated with LPP 
amplitudes in response to hands in painful situations in a 380-480 ms window, and then was 
positively correlated with amplitude in a 700-900 ms window (Ikezawa et al., 2014). These 
authors suggested that the negative results in earlier windows may be due to downregulation or 
suppression of the individual’s automatic simulation of another person’s emotional state, which 
is theoretically crucial for avoiding distress and promoting sympathy and prosocial behavior 
(Ikezawa et al., 2014). Yet, not all studies have found significant relationships between self-
reported empathy and LPP amplitudes to empathy-eliciting stimuli (Choi & Watanuki, 2014; 
Mella, Studer, Gilet, & Labouvie-Vief, 2012), and one found a negative association between the 
two in a 500-800 ms window (Fabi & Leuthold, 2017). 
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We also found a relationship that PPI-R Total scores were negatively correlated with LPP 
amplitudes to sad faces in the latest window (2000-3000 ms). Thus, sad faces failed to sustain the 
attention of individuals with high global psychopathic traits. This is somewhat consistent with a 
previous study of psychopathy and the LPP (Medina et al., 2016). In this study, participants with 
high PPI-R Total scores showed a diminished difference between LPP amplitudes for unpleasant 
and neutral images (some of which, but not all, featured faces) in a late (1000-1800 ms) time 
window compared to participants with low PPI-R scores (Medina et al., 2016). The fact that our 
reduction in LPP amplitude was specific to sad faces, is consistent with other studies showing 
psychopathic individuals have specific deficits in recognizing or processing cues of fear and 
sadness (Blair, 1995; Blair, Peschardt, Budhani, Mitchell, & Pine, 2006). We did not find any 
relationships between LPP Task Difference Scores and psychopathic or empathic traits. This 
suggests that all participants were able to upregulate their attention equally well when instructed 
to do so. This result seems consistent with other research studies that have examined 
upregulation in psychopathy. As noted previously, an fMRI study by Arbuckle and Shane (2017) 
also showed no relationship between psychopathy and the ability to upregulate neural activity to 
empathy-eliciting stimuli. Additionally, Eisenbarth and colleagues found no LPP amplitude 
differences between female inmates with high or low PCL-R scores when instructed to 
empathize with emotional faces (Eisenbarth et al., 2013). 
Limitations and Future Directions 
One of the limitations of this study is that we used a non-clinical sample. Psychopathic 
traits might be less frequent or less pervasive in a non-clinical population. However, we used a 
measure of psychopathic traits that has been validated in non-clinical samples (the PPI-R) with 
the intention of capturing psychopathic traits that may not include antisocial behavior. Moreover, 
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there is a growing literature on the study of psychopathic traits as they occur in the community 
(see Skeem & Cooke, 2010; Widom, 1977). 
Related to the above limitation, we also selectively examined Coldheartedness rather than 
global psychopathy or factor scores. We chose to study Coldheartedness in particular because it 
is thought to index a lack of empathy (Berg et al., 2015; Lilienfeld & Widows, 2005), a trait that 
is integral to psychopathy (Verschuere et al., 2018). It is possible that in focusing our study on 
this trait, we did not capture “true” psychopathy as the complete constellation of traits (Berg et 
al., 2013). 
Another potential limitation of our data is that our sample was predominantly female due 
to our reliance on a convenience sample of students enrolled in psychology coursework. The 
majority of the literature on psychopathy has used male subjects, which has been justified by 
reporting that psychopathy is less frequent or presents differently in women (Forouzan & Cooke, 
2005; Nicholls, Ogloff, Brink, & Spidel, 2005; Verona & Vitale, 2006). While our results may 
not generalize to all individuals with psychopathic traits, we feel that it is important to better 
understand the ways in which psychopathy manifests in both men and women. Ideally, a future 
study would enroll an equal number of male and female participants in order to investigate the 
effects of gender systematically. 
Furthermore, research has shown that people more accurately recognize facial 
expressions of emotion when the target is the same race/ethnicity as the perceiver (Elfenbein & 
Ambady, 2002). Our stimuli included photos of men and women of various ethnicities, but we 
did not have an adequate number of trials per gender/race/ethnicity to create reliable ERP 
averages, and so this precluded us from conducting any statistical analyses to explore these 
effects. 
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In addition, we cannot guarantee that participants were engaged with the task. Emotion 
regulation is a task that is difficult to measure, as it is an internal event. However, we collected 
data on the participants’ feelings of success in upregulation to measure the efficacy of the 
manipulation. Participants did report engaging with the task, as they tended to endorse 
moderately successful upregulation for target emotions, and they generated strategies that they 
employed in doing so. Furthermore, other ERP studies that have used comparable emotion 
regulation instructions similarly found that participants reported engaging with the task on 
questionnaires (Krompinger et al., 2008; Moser et al., 2014, 2009). 
Finally, the coding system used to determine the accuracy of emotion labels was 
developed by our lab, and some of the labels generated by participants were ambiguous. 
Therefore, it is possible that we identified an emotion label as incorrect when it could have been 
correct. For example, if a participant listed “hurt” as an emotion, we coded it as incorrect 
because “hurt” can be associated with multiple feelings. However, the participant may have used 
“hurt” to mean “sad,” which would have been a correct response. Moreover, we did not use 
multiple raters to code the data, and therefore we did not calculate interrater reliability. 
Conclusions 
 This study is one of few to examine MNS functioning as it relates to psychopathic traits, 
and to our knowledge, it is the first to look at mu suppression and psychopathic traits in a passive 
viewing paradigm. Given the purported role of the MNS in empathy (Carr et al., 2003; de Waal 
& Preston, 2017; Preston & de Waal, 2002), in addition to the role of low empathy in 
psychopathy, it is important to understand the relationship between MNS functioning and 
psychopathic traits. 
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In sum, data from the present study suggest that psychopathy-related Coldheartedness is 
not associated with impairments in bottom-up functioning or top-down regulation of the mirror 
neuron system. In fact, we found ERP evidence that Coldheartedness was associated with 
enhanced early attention to emotional faces. In contrast, we found that cognitive and affective 
empathy were associated with impairments in bottom-up functioning of the mirror neuron 
system. While this is in line with some prior research, it conflicts with others. Additional 
replication attempts or a meta-analysis might better clarify this counterintuitive finding as well as 
the general inconsistency in the literature. More intuitively, affective empathy was also related to 
increased upregulation of early attention (i.e., the N170) and increased sustained attention to the 
emotional faces. 
Taken together, our data underscore the possibility that Coldheartedness and low 
empathy are not one and the same. Each construct showed different relationships with 
neurophysiological measures in the present study. This improves our understanding of both 
empathy and psychopathic Coldheartedness, but also raises new questions. Coldheartedness was 
related to enhanced early attention to emotional faces, which begs the question of how this 
information is used downstream, given that it is likely not for prosocial behavior. Additionally, 
affective empathy was related to enhanced sustained attention to emotional faces, which 






Correlation Matrix for Self-Report Personality Trait and Empathy Questionnaires 
 STAI-T IRI-PT IRI-EC PPI-R CH PPI-R SCI PPI-R FD PPI-R Total M SD 
STAI-T — -0.15** -0.05 -0.02 0.51** -0.43** 0.12** 35.1 6.7 
IRI-PT -0.18 — 0.37** -0.33** -0.28** 0.10* -0.21** 19.2 5.2 
IRI-EC -0.04 0.59** — -0.62** -0.22** -0.02 -0.29** 19.7 4.7 
PPI-R CH -0.08 -0.53** -0.67** — 0.22** 0.21** 0.47** 50.7 12.2 
PPI-R SCI 0.36** -0.49** -0.23 0.13 — 0.10* 0.80** 48.7 9.7 
PPI-R FD -0.27* 0.14 0.10 0.09 0.13 — 0.65** 51.1 11.1 
PPI-R Total 0.06 -0.34** -0.24 0.35** 0.76** 0.71** — 49.8 10.2 
M 40.1 19.0 20.2 51.2 52.0 49.2 51.1   
SD 10.3 4.9 4.8 11.8 11.3 10.7 11.1   
Note. Correlations for the larger sample (n = 506) are presented above the diagonal, and correlations for the final EEG sample (n = 60) 
are presented below the diagonal. Means and standard deviations for the larger sample are presented in the vertical columns, and 
means and standard deviations for the final EEG sample are presented in the horizontal rows. Scores on the PPI-R are T-scores; all 
other scales use raw scores. CH = Coldheartedness subscale on PPI-R; FD = Fearless Dominance composite on PPI-R; IRI-EC = 
Interpersonal Reactivity Index, Empathic Concern subscale; IRI-PT = Interpersonal Reactivity Index, Perspective-Taking subscale; 
PPI-R = Psychopathic Personality Inventory—Revised; SCI = Self-Centered Impulsivity composite on PPI-R; STAI-T = State-Trait 
Anxiety Inventory, Trait scale. 









Percentage of Participants Using Various Emotion Regulation Strategies in Task 2 
Strategy Fear Happy Sad 
Attentional 
Deployment 
n = 24 (77.4%) 
“I thought about seeing 
cockroaches” 
n = 46 (79.3%) 
“I thought about my dog 
and how cute she is” 
n = 40 (78.4%) 
“I thought about losing 
a loved one or someone 
close to me” 
Cognitive 
Reappraisal 
n = 2 (6.5%) 
“[I] thought about the 
person being chased by 
somebody” 
n = 3 (5.2%) 
“[I imagined] what they 
might be happy about” 
n = 1 (2.0%) 
“I thought about a story 




n = 0 n = 3 (5.2%) 
“I tried to breathe as if I 
were happy” 
n = 0 
Other n = 5 (16.1%) 
“I tried to put myself in 
their position” 
n = 6 (10.3%) 
“Seeing someone smile 
just makes me happy for 
no reason” 
n = 10 (19.6%) 
“I tried to replicate the 
expression in my head” 
Total n = 31 n = 58 n = 51 
Note. Percentages represent the number of participants who used a given emotion regulation 
strategy divided by the total number of participants who correctly identified each emotion. 





















Calm Task 1 12.07 (21.92) 9.11 (23.34) 3.68 (25.71) 8.29 (20.75) 
Fear Task 1 19.25 (23.63) 19.65 (21.81) 14.10 (24.10) 17.43 (21.46) 
 Task 2 22.45 (23.62) 22.81 (23.80) 17.30 (24.39) 20.86 (22.29) 
Happy Task 1 21.90 (18.49) 15.31 (24.02) 11.43 (23.75) 15.97 (20.69) 
 Task 2 25.47 (19.84) 26.38 (20.60) 19.20 (23.70) 23.68 (18.88) 
Sad Task 1 14.23 (23.22) 14.60 (26.71) 7.75 (25.24) 12.19 (22.10) 
 Task 2 27.18 (19.95) 29.87 (19.87) 18.04 (26.15) 24.59 (20.12) 
All Emotions* Task 1 16.86 (15.23) 14.67 (17.66) 9.24 (17.75) 13.59 (15.16) 
 Task 2 25.04 (16.62) 26.20 (17.21) 17.90 (18.84) 23.04 (15.45) 
Note. Activity was averaged across FC1, FCz, FC2, C1, Cz, and C2 electrodes. 
*Emotions included in the average for Task 1 were Calm, Fear, Happy, and Sad; for Task 2 were 




















Fear 3.21 (27.79) 3.16 (30.40) 3.90 (34.16) 3.42 (28.17) 
Happy 3.57 (24.51) 11.80 (28.03) 7.77 (22.48) 7.72 (22.00) 
Sad 12.95 (22.15) 14.80 (26.59) 10.53 (29.80) 12.40 (22.81) 
All Emotions 6.58 (17.47) 9.92 (19.56) 7.04 (16.90) 7.85 (15.61) 







Mean P100 Amplitudes for Each Emotional Expression in Each Task 
Emotional Stimulus Task 
P1 Amplitude 
V (SD) 
Calm Task 1 4.24 (2.73) 
Fear Task 1 4.55 (2.97) 
 Task 2 5.25 (3.97) 
Happy Task 1 4.24 (3.01) 
 Task 2 4.59 (3.88) 
Sad Task 1 4.20 (3.12) 
 Task 2 5.05 (3.52) 
All Emotions* Task 1 4.31 (2.84) 
 Task 2 4.96 (3.70) 
Note. Activity was averaged across PO6, PO8, and O2 electrodes. 
*Emotions included in the average for Task 1 were Calm, Fear, Happy, and Sad; for Task 2 were 










Fear 0.70 (1.87) 
Happy 0.36 (1.72) 
Sad 0.84 (1.81) 
All Emotions 0.63 (1.48) 








Mean N170 Amplitudes for Each Emotion in Each Task 
Emotional Stimulus Task 
N170 Amplitude 
V (SD) 
Calm Task 1 -3.24 (2.71) 
Fear Task 1 -3.45 (2.90) 
 Task 2 -3.78 (2.97) 
Happy Task 1 -3.35 (2.84) 
 Task 2 -4.08 (2.99) 
Sad Task 1 -3.04 (2.58) 
 Task 2 -3.36 (2.67) 
All Emotions* Task 1 -3.27 (2.65) 
 Task 2 -3.74 (2.76) 
Note. Activity was averaged over P8, PO8, and CB2 electrodes. 
*Emotions included in the average for Task 1 were Calm, Fear, Happy, and Sad; for Task 2 were 










Fear -0.33 (1.97) 
Happy -0.73 (1.57) 
Sad -0.32 (1.45) 
All Emotions -0.46 (1.28) 
Note. Activity averaged across P8, PO8, and CB2 electrodes. A negative difference score 


























Calm Task 1 2.37 (2.05) 3.69 (1.97) 3.26 (1.79) 2.88 (2.00) 3.05 (1.70) 
Fear Task 1 2.77 (2.17) 4.43 (2.00) 3.45 (1.81) 3.08 (1.83) 3.43 (1.68) 
 Task 2 3.72 (2.43) 4.20 (2.34) 2.81 (2.29) 2.47 (2.64) 3.30 (1.95) 
Happy Task 1 2.12 (1.85) 3.48 (2.16) 3.07 (1.96) 2.88 (2.02) 2.89 (1.79) 
 Task 2 3.36 (2.26) 3.81 (2.21) 2.77 (2.07) 2.39 (1.98) 3.08 (1.74) 
Sad Task 1 1.99 (1.93) 3.44 (1.85) 2.84 (2.04) 2.65 (2.15) 2.73 (1.74) 
 Task 2 3.38 (2.13) 3.87 (2.08) 2.66 (2.16) 2.31 (2.05) 3.05 (1.75) 
All 
Emotions* 
Task 1 2.32 (1.77) 3.76 (1.70) 3.16 (1.51) 2.87 (1.42) 3.03 (1.43) 
Task 2 3.49 (2.06) 3.96 (1.98) 2.74 (1.81) 2.39 (1.54) 3.14 (1.50) 
Note. Activity averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes. 
*Emotions included in the average for Task 1 were Calm, Fear, Happy, and Sad; for Task 2 were 























Fear 0.95 (2.03) -0.23 (1.97) -0.65 (2.23) -0.61 (2.62) -0.13 (1.76) 
Happy 1.21 (2.17) 0.33 (2.01) -0.30 (2.09) -0.49 (2.31) 0.19 (1.66) 
Sad 1.39 (2.39) 0.43 (1.88) -0.18 (2.33) -0.34 (2.55) 0.32 (1.87) 
All Emotions 1.18 (1.85) 0.18 (1.36) -0.38 (1.61) -0.48 (1.54) 0.13 (1.21) 




Figure 1. Scalp distribution of mu suppression for each Task in 500 ms bins. Mu suppression is 
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Figure 2. Grand average mu ERD for each emotion in Tasks 1 and 2 across three windows (500-
1000 ms, 1000-2000 ms, and 2000-3000 ms). Activity was averaged across FC1, FCz, FC2, C1, 















































Figure 3. Grand average mu ERD for each task across three windows (500-1000 ms, 1000-2000 
ms, and 2000-3000 ms), collapsed across emotion. Activity was averaged across FC1, FCz, FC2, 



























Figure 4. Correlation between IRI Perspective-Taking and overall mu ERD in Task 1. Mu ERD 
was averaged across FC1, FCz, FC2, C1, Cz, and C2 electrodes, and collapsed across emotions 
(calm, fear, happy, sad) and time windows (500-3000 ms). The correlation is significant (r = -


























Figure 5. Grand average mu ERD in Task 1 for participants high or low in IRI Perspective-
Taking. Mu ERD was averaged across FC1, FCz, FC2, C1, Cz, and C2 electrodes, and collapsed 
across emotions. Participants were divided using a tercile split based on their raw scores. 
Participants in the low group had scores ≤ 16 (n = 21), and those in the high group had raw 






















Figure 6. Correlation between IRI Empathic Concern and overall mu ERD in Task 1. Mu ERD 
was averaged across FC1, FCz, FC2, C1, Cz, and C2 electrodes, and collapsed across emotions 
(calm, fear, happy, sad) and time windows (500-3000 ms). The correlation is significant (r = -
























Figure 7. Grand average mu ERD in Task 1 for participants high or low in IRI Empathic 
Concern. Mu ERD was averaged across FC1, FCz, FC2, C1, Cz, and C2 electrodes, and 
collapsed across emotions. Participants were divided using a tercile split based on their raw 
scores. Participants in the low group had scores ≤ 17 (n = 21), and those in the high group had 

























Figure 8. Scalp distribution of activity at 110 ms in each task. 
 
 





































Figure 9. Grand average P100 ERP for each emotion in Tasks 1 and 2. Activity was averaged 






















































Figure 10. Grand average P100 ERP for each task, collapsed across emotion. Activity was 





























Figure 11. Scalp distribution of activity at 165 ms for each task. 
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Figure 12. Grand average N170 ERP for each emotion in Tasks 1 and 2. Activity was averaged 






















































Figure 13. Grand average N170 ERP for each task, collapsed across emotion. Activity was 


























Figure 14. Correlation between PPI-R Coldheartedness and overall N170 amplitude in Task 1. 
N170 amplitude was averaged across P8, PO8, and CB2 electrodes, and collapsed across 
























Figure 15. Grand average N170 in Task 1 for participants high or low in PPI-R Coldheartedness. 
N170 amplitude was averaged across P8, PO8, and CB2 electrodes, and collapsed across 
emotions. Participants were divided using a tercile split based on their T-scores. Participants in 




























Figure 16. Correlation between IRI Empathic Concern scores and overall N170 Task Difference 
Scores. N170 Task Difference Scores were averaged across P8, PO8, and CB2 electrodes, and 
collapsed across emotions (fear, happy, sad). The correlation is significant (r = -0.36, p = 0.004). 
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Figure 17. Grand average N170 Task Difference waves for participants high or low in IRI 
Empathic Concern. N170 Task Difference Scores were averaged across P8, PO8, and CB2 
electrodes, and collapsed across emotions. Participants were divided using a tercile split based on 
their raw scores. Participants in the low group had raw scores ≤ 17 (n = 21), and those in the high 



























































































Figure 19. Grand average LPP for each emotion in Tasks 1 and 2 across four windows (400-600 
ms, 600-1000 ms, 1000-2000 ms, and 2000-3000 ms). Activity was averaged across C1, Cz, C2, 























































Figure 20. Grand average LPP for each Task, across four windows (400-600 ms, 600-1000 ms, 
1000-2000 ms, and 2000-3000 ms), collapsed across emotion. Activity was averaged across C1, 





























Figure 21. Correlation between PPI-R Coldheartedness T-Scores and LPP in Task 1 across four 
windows (400-600 ms, 600-1000 ms, 1000-2000 ms, and 2000-3000 ms), collapsed across 
emotion. Activity was averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes. No 
correlations were significant (all ps > 0.2); regression lines included for illustrative purposes. 
 


























Figure 22. Grand average LPP in Task 1 for participants high or low in PPI-R Coldheartedness 
across four windows (400-600 ms, 600-1000 ms, 1000-2000 ms, 2000-3000 ms). LPP was 
averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes, and collapsed across emotions. 
Participants were divided using a tercile split based on their T-scores. Participants in the low 





























Figure 23. Correlations between PPI-R Total scores and LPP for each emotion in Task 1 across four windows (400-600 ms, 600-1000 
ms, 1000-2000 ms, 2000-3000 ms). LPP was averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes. Correlation is significant for 
Calm in Window 4 (r = 0.29, p = 0.023) and Fear in Window 4 (r = 0.26, p = 0.042). All other correlations not significant (all ps > 
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Figure 24. Grand average LPP in Task 1 for participants high or low in PPI-R Total across four 
windows (400-600 ms, 600-1000 ms, 1000-2000 ms, 2000-3000 ms) and four emotions. LPP 
was averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes. Participants were divided using 
a tercile split based on their T-scores. Participants in the low group had T-scores ≤ 44 (n = 21), 























































Figure 25. Correlation between IRI Empathic Concern scores and LPP in Task 1 across four 
windows (400-600 ms, 600-1000 ms, 1000-2000 ms, and 2000-3000 ms), collapsed across 
emotion. Activity was averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes. No 



























Figure 26. Grand average LPP in Task 1 for participants high or low in IRI Empathic Concern. 
LPP amplitudes were averaged across C1, Cz, C2, CP1, CPz, and CP2 electrodes, and collapsed 
across emotions. Participants were divided using a tercile split based on their raw scores. 
Participants in the low group had raw scores ≤ 17 (n = 21), and those in the high group had raw 
scores ≥ 22 (n = 25). 


























Figure 27. Grand average LPP Task Difference waves across four windows (400-600 ms, 600-
1000 ms, 1000-2000 ms, and 2000-3000 ms), collapsed across emotion. Activity was averaged 































Appendix: Emotion Regulation Questionnaire 
This is a brief survey to see which emotions you remember seeing during the second part of the 
study – the part without the clouds. There are 6 spaces to identify an emotion, but you may not 
remember seeing 6 different emotions.  Only write about the emotions you are sure you saw. 
 
Please identify one of the feelings (emotions) that you saw in the photos of the faces during Part 
2 of the study 
___________________________________________________________________________ 
 




How well do you think you were able to increase this emotion?  (Choose one answer) 
 
1  2  3  4  5 
  Not well at all           Very well 
 
If possible, please identify another feeling/emotion that you saw during Part 2 of the study 
___________________________________________________________________________ 
 




How well do you think you were able to increase this emotion?  (Choose one answer) 
 
1  2  3  4  5 
   Not well at all           Very well 
 
If possible, please identify another feeling/emotion that you saw during Part 2 of the study 
___________________________________________________________________________ 
 




How well do you think you were able to increase this emotion?  (Choose one answer) 
 
1  2  3  4  5 
   Not well at all            Very well 
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If possible, please identify another feeling/emotion that you saw during Part 2 of the study 
___________________________________________________________________________ 
 




How well do you think you were able to increase this emotion?  (Choose one answer) 
 
1  2  3  4  5 
   Not well at all           Very well 
 
If possible, please identify another feeling/emotion that you saw during Part 2 of the study 
___________________________________________________________________________ 
 




How well do you think you were able to increase this emotion?  (Choose one answer) 
 
1  2  3  4  5 
  Not well at all           Very well 
 
If possible, please identify another feeling/emotion that you saw during Part 2 of the study 
___________________________________________________________________________ 
 




How well do you think you were able to increase this emotion?  (Choose one answer) 
 
1  2  3  4  5 
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